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Daniele Giordani D.D.S.

DEMINERALIZED-FREEZED-DRIED BONE ALLOGRAFf
AND COLLAGEN MEMBRANE
IN PERIODONTAL WOUND HEALING

Loyola University of Chicago

There is still controversy whether bone grafting used alone or in combination
with guided tissue regeneration (GTR) plays a role in the regeneration of the
periodontal structure (bone, cementum, and periodontal ligament). Therefore, this
study was designed to investigate the regenerative potential to reform the lost
attachment apparatus and the healing sequence of these two treatment modalities
in experimentally created infrabony defects in beagle dogs; the two techniques
consisting of, demineralized freezed dried bone allograft (DFDBA) and guided tissue
regeneration, by resorbable collagen barrier, were tested separately and combined.
Two walls infrabony defects were artificially created on six beagle dogs by
removing the disto-buccal bone of the premolar teeth. Orthodontic wires and
wooden picks were ligated around the teeth and left in place for 4-6 weeks. The so
created defects were randomly assigned to three groups for the experimental
treatment and one for control. At the time of the surgical treatment the roots were
notched at the base of the periodontal pocket and measurement were taken for
reference in the evaluation of the results. The animals were sacrificed at 7, 14, 30,
60, and 90 days post-surgery and block section were taken for histologic analysis.

Comparing the final healing results of the collagen group versus the DFDBA
implanted groups it is evident that at the same healing stage the collagen membrane
always leads to a more intense maturation of the granulation tissue, and both the
rate of bone formation and cementum formation shows a more advanced stage of
healing with less inflammatory infiltrate. Although, at the end of the experimental
period it appears that both bone regeneration and cementum formation are
equivalent for both groups where the membrane was implanted. This is less evident
for the DFDBA group; however, both the amount of bone formation and new
attachment apparatus of this group are significantly greater when compared with
the control.
The overall results of the present study have demonstrated that both
resorbable collagen barrier and DFDBA are effective in diverging or at least
retarding the down growth of the gingival epithelium enough to allow the formation
of significant new attachment.
The results of this study are very encouraging for clinical application,
however, before absolute clinical conclusions are drown, experimentation and
confrontation of those techniques should be repeated on humans.
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INTRODUCTION

The ultimate goal of periodontal therapy includes not only the arrest of
progressive periodontal disease but also the restitution of those parts of the
supporting apparatus that were destroyed by the disease: cementum, periodontal
ligament and alveolar bone.1
The evidence available to date indicates that the most frequent mode of
wound healing following conventional therapeutic procedures, be it surgical or nonsurgical, is the development of a long junctional epithelial attachment and connective
tissue adhesion.2 This may give a good clinical result but fails to satisfy the goal of
cementum, bone tissue and periodontal ligament regeneration.3•4 It was suggested
that the major reason for such healing is the high capacity of gingival epithelial cells
and fibroblast to migrate and colonize the treated root surface compared to that of
periodontal ligament cells,5 which have limited potential for coronal growth.
Yamaoka et al.6 have shown that those cells migrate at lower speed in vivo than
those of alveolar bone and gingival connective tissue cells.
In order for regeneration of the periodontal attachment apparatus to have
occurred, the periodontal ligament fibers must be embedded in cementum that has
formed on a previously diseased or denuded root surface.7
A number of procedures for enhancing the process of wound healing
1

2

following periodontal surgery in order to augment the amount of new attachment
have been reported. These procedures are roughly divided into three major
categories. Those of the first method is aimed at improving the environment for
wound healing artificially by various types of chemical root conditioning, in addition
to the long-standing important procedure of root planing.
The second method is the "guided tissue regeneration" technique advocated
by Lindhe et al.a. This model is accomplished by a wound preparation technique
which includes the placement of a ''barrier" between the gingiva and the root surface.
This membrane serves as a barrier which prevents the gingival connective tissues and
the epithelium from reaching contact with the root during healing; therefore,
creating an " empty space" underneath the barrier which is filled first by the blood
clot and then by granulation tissue. Hence, the barrier to the epithelial down-growth
gives the preference to cells originating from the periodontal ligament (P.D.L.) and
alveolar bone tissue to repopulate the adjacent root surface. Although, the
undifferentiated perivascular mesenchymal cells from the P.D.L. are able to
recolonize the area faster than the other cells, Nyman et al.a in his studies did not
find the amount of new bone formation statistically significant.
Although there is evidence of remarkable results that this technique has
shown, the dilemma of reconstituting a new bony structure still remains. For this
reason the third method of new periodontal regeneration which involves the grafting
of an ideal "bone inducer" for osseous augmentation is still an area of active
research.
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Various substances have been grafted into periodontal lesions at" the time
of surgery in an effort to induce the formation of additional amounts of new bone.
These substances have shown promising results, but they are of limited use in routine
office procedures due to a number of reason: (l)lack of predictability, (2)added
patient insult and discomfort, (3)lack in sufficient quantities of material, and
(4)specialized storage techniques which complicate treatment.
In the present study, the efficacy of a new type of grafting procedure aimed

at encouraging defect colonization by periodontal ligament cells was be investigated.
A combined grafting technique consisting of a microfibrillar collagen sheath and
Demineralized-Freeze-Dried-Bone

Allograft

(DFDBA)

was

tested

in

an

experimentally created two wall osseous defects in a beagle dog model.
Therefore; the purpose of this investigation was to determine,on a histologic
level, the sequential healing phenomena of two basic regenerative surgical
procedures.
In the first surgical intervention this study demonstrates that the use of
DFDBA as a"space filler" and an osseous-promoting agent promotes the regeneration
of alveolar bone, cementum and periodontal ligament. In the second basic surgical
procedure the use of a microfibrillar collagen sheath implants serves as a barrier
to prevent the down growth of the epithelium, after periodontal flap surgery. In the
third surgical intervention microfibrillar collagen barrier and the allograft DFDBA
together serve to promote alveolar bone, cementum, and periodontal ligament
attachment, and prevent the down-growth of the long epithelial attachment.

CHAPTER I
REVIEW OF THE LITERATURE

DEMINERALIZE-FREEZE-DRIED BONE ALWGRAFT
Historical review
The history of demineralized bone implants is nearly 100 years old. In 1889
Senn used acid-treated ox tibiae to repair cranial and long bone defects in patients.9
He was dealing with patients with osteomyelitis and thought that soaking in
hydrochloric acid would render the xenograft more antiseptic. He paralleled his
clinical work with careful experimental studies of osseous repair by bone implants
treated with hydrochloric acid. Senn's clinical success with decalcified bone chips
was repeated by others.10•11 •12
In the first experimental model of induced ectopic osteogenesis Huggins
reported, in 1931, that proliferating mucosa of kidney, ureter, or bladder induced
formation of bone when grafted in connective tissue.13 More recently, Ray and
Holloway

14

and Urist

15

reported that when HCl-demineralized bone matrix was

implanted within a muscle pouch in rodents, perivascular mesenchymal cells
disaggregate, migrate to the area of the implant, re-aggregate, proliferate and
differentiate to osteoprogenitor cells that produce cartilage and bone.16 In 1979
Urist and associates isolated and purified a bone morphogenetic protein (BMP),17' 18
4

5
a 57.000 molecular weight constituent of bone matrix that induces this same series
of event if implanted in a muscle pouch. This BMP is thought to cause irreversible
differentiation of perivascular mesenchymal cells into osteoprogenitor cells, with
subsequent cellular proliferation stimulated by bone and blood derived growth
factors. 19' 20 The cascade of events and temporal sequence during which the matrix
formation are similar to those observed during the embryonic skeletogenesis, in the
elongation of long bones, and in the healing of fractures. The predominant event in
induced osteogenesis occurs at the gene level in target cells. Demineralization of the
bone matrix was thought to be necessary since the bone mineral blocked the effect
of the chemical inductive agent.
Clinically, freeze-dried bone allograft have been implanted successfully by
surgeons to treat fractures, to fill bone cysts, and to reconstruct limbs after tumor
resection.21 In addition, freeze-dried bone allograft have been used successfully by
dentists to treat tumors of the jaw, to facilitate bone formation after surgical
repositioning of impacted surgical cuspids, to induce bone repair of periapical and
periodontal defects, to restore deficient alveolar ridges,and reconstruct mandibular
contour.22 More recently Mulliken and coworkers have used demineralized implants
prepared from cadaver femora to repair human maxillofacial deformities.23 Nearly
90% of the implant sites that could be evaluated by physical examination were solid
by three months, and 14 of 19 sites amenable to radiographic evaluation were
positive for osseous healing at six months. A subsequent report described the
successful use of demineralized bone to treat 300 patients with maxillofacial,
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periodontal and orthopedic lesions, with healing generally clinically occurring within
three months.24
The first time that DFDBA was used in periodontics goes back only to
1975, when Libin published three case reports in which he used either cancellous or
cortical bone allograft. At the reentry he reported 4 to 10 mm new bone formation.25
In 1981, Pearson et al.26 in an other clinical trial using cancellous DFDBA in 16
humans with a total of 22 defects showed, through attachment levels and
standardized radiographic measurement, a mean bone-height increase in the
experimental site of 1.38 mm, while the six control showed a mean increase of 0.33
mm. Quintiero et al.,27 in 1982, evaluated Cortical DFDBA for a period over six
months in 27 human periodontal osseous defects. At the time of re-entry at six
months he reported a combined mean osseous regeneration for all the defects of 2.4
mm, which represented a 65 % mean bone fill of the original defect. This percentage

corresponds approximately also to other two studies. The first one was by Melloning
and Bowers,28' 29 in 1981, in which they studied the healing process of four bone
grafting techniques implanted in created defects in the calvaria of 35 guinea pigs. At
42 days post-operative, term of the study, DFDBA not only showed the highest
osteoinductive potential but also the percentage of bone fill was 62.14 %. Mellonig
et al.,30 in 1984, reported the results after surgical re-entry into 47 osseous defects,
32 of which had been treated with cortical DFDBA and 15 by open flap and
debridement. The defects showed a 2.57 mm repair or 64.7 % bone fill in the
experimental side and a 1.26 mm repair or 37.8 % bone fill in the control site

7

(Table I).
The advantages of using decalcified bone instead of calcified freezed dried
bone remain to be demonstrated with respect to the percent of defect fill and
histologic evidence of a functional attachment apparatus is still under questioning.

8

GUIDED TISSUE REGENERATION
Historical review
Conventional histologic studies of wound healing following conventional
periodontal treatment indicate that repair rather than regeneration is more likely
to result from periodontal therapy.31 •32•33 The component of the repair process that
is believed to preclude regeneration of periodontal structure is the apical migration
of the junctional epithelium adjacent to the root surface resulting in a long junctional
epithelium.34
A model system was developed by Melcher 35' 36 in which the exclusion of
gingival connective tissue and epithelium to facilitate selective cell repopulation
from the periodontal ligament (P.D.L.) and alveolar bone. This technique is based
upon the theory that an alveolar infrabony defect, after surgical therapy, may be
repopulated by one of the four possible cell lines :epithelium, gingival connective
tissue, bone, or undifferentiated mesenchymal cells from the P.D.L..
From those studies it was concluded that of these four cell lines, only cells
derived from the P.D.L. are capable of producing cementoblast, cementum, and
inserting fibers.37 Therefore, it has been suggested that colonization of the root
surfaces by any cell other than the pluripotential P.D.L. cells will prevent the
formation of new attachment, will result in ankylosis and root resorption, and should
be avoided when a designed surgical technique is aimed at new connective tissue
attachment.
In 1980 Karring et al.,38' 39 performed the first experimental regenerative

9

procedures studying the healing process of previously diseased root surfaces
implanted both in bony tissue and gingival connective tissue. In the first study they
concluded that bone cells had migrated into contact with the root during healing and
promoted resorption and ankylosis. In the second study, where they implanted the
roots in connective tissue, they failed to demonstrate the formation of new
cementum and fibrous attachment. These findings indicate that connective tissue
cells, derived from the gingiva, lack the ability to form cementum as well as new
fibrous attachment to the previously affected roots. In 1982, the same group of
researchers,8 performed another experiment on monkeys, in which root fenestrations
were surgically created and the periodontal ligament was removed. It was found that
in presence of periodontal ligament the cells repopulate the root surface and new
connective tissue attachment including new cementum with inserting collagen fibers
are formed.
This hypothesis that cells from the P.D.L. have a strong potential to form
new attachment was tested by the same group 40 for the first time in an experiment
in a human subject with advanced periodontal disease. The periodontal tissue of one
mandibular incisor with long lasting disease was treated in the following manner:
Following the elevation of a soft tissue flap and removal of all granulation tissue,
the root surfaces were carefully scaled and planed. A Millipore filter was adjusted
to cover the instrumented portion of the buccal and proximal surfaces. The flap
was repositioned in such a way that the filter prevented the epithelium and the
gingival connective tissue from reaching contact with the root surfaces. Ninety days
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of healing resulted in extensive formation of new attachment.
In 1984, this group

41

repeated the same procedure in an animal model.

Three monkeys were used at this time and on artificially induced periodontal defects.
Millipore filters (Gore-Tex) were placed over the denuded root surfaces. One side
was used for experiment and the other as control. The monkeys were sacrificed at
three months and histologic study was conducted. Their findings reported new
cementum with inserting collagen fibers were present both in the control and the
experimental sides. However, the test surfaces exhibited considerably more new
fibrous attachment than the control, indicating that the cells originating from the
P.D.L. and alveolar bone, in contrast to cells originating from gingival connective
tissues, have the potential to restore periodontal architecture.
Using the same fenestration model used by Nyman,8 in 1982, Caton et al.42
investigated the chronological sequence of events that lead to regeneration via
selective cell repopulation on a squirrel monkey animal model. Experimental and
sham-operated control sites were compared histometrically at 3, 7, 14, and 35 days.
At 3 and 7 days, a clot occupied the fenestration, and the periodontal ligament and
alveolar bone at the wound peripheries were disrupted and acellular. At 7 days,
however, new bone formation was occurring in the endosteal spaces bordering the
fenestration. Between 7 and 14 days significant regeneration occurred. New bone and
cementum were visibly seen at 14 days and by 35 days, the fenestration was almost
completely regenerated with new cementum, bone and immature P.D.L. connecting
the two. Previous studies looked at time points ranging from 5 weeks 43 to 6 months
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and were not able to document the critical early events in wound healing.
In 1988 Caffesse et al.,45 performed a histologic study using Gore-Tex

material on seven beagle dogs with natural occurring periodontal disease. After four
weeks from the initial therapy mucoperiosteal flaps were reflected in the four
quadrants and millipore filters were adapted to all the premolar teeth using the first
molar as control. Some of the membranes were removed in one month while others
were removed eight to ten weeks after surgery. All dogs were sacrificed at three
months. The results in the experimental sides showed statistical significant (P 0.05)
increase in new connective tissue attachment with new cementum deposition and
reduction in the epithelial down-growth. No differences were found between the
areas were the material was removed in one month or left longer in place. No
difference in bone response was found which was attributed by the author to an
excess of trauma during the surgical act, since it was also observed in the control
side.
More recently Niederman et al.46 used the same technique to study both
histologically and radiographically the regeneration of furcation in a beagle dog
animal model with naturally occurring periodontal disease. The teflon membranes
were left in place for six weeks. The three dogs were sacrificed at three months, the
morphometric assessment of the histologic specimens showed approximately 90%
bone fill when compared with the control (approximately 10%) sections which
demonstrated new forming bone only in the area immediately adjacent to the surface
of the preexisting old bone. Radiographically they also noted that the greater the
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initial bone loss, the greater the amount of bone fill in the experimental side.
Other studies were done previously investigating the application of GoreTex in human furcation defects. Pontoriero et al.47' 48 in two of his clinical trial
demonstrated that treatment of furcation defects at mandibular molars more than
90% of the defects treated with GTR technique showed complete resolution.
Conventional therapy reached the same treatment goal in less than 20% of the cases
treated. At degree III furcation defects, out of 16 sites treated, 4 showed complete
resolution, 9 partial resolution, and 3 failed to show any resolution.
These results were also confirmed by an other study by Becker et al.49 who
showed a mean decrease in probing depth of 2.5 mm, with a gain in attachment of
1.5 mm in furcation type III. For Class II furcation showed a mean decrease in
probing depth of 3.3 mm, with a gain in attachment of 2.3 mm and upon reentry
there was a gain in crestal height of 0. 7 mm and a mean decrease in defect depth
of 1.8 mm. For vertical defects they showed a mean decrease in probing depth of 6.4
mm with a gain in attachment of 4.5 mm and upon reentry there was a mean
decrease in defect depth of 3.7 mm. The results for Class II furcation were almost
identical to the finding of a more recent clinical study by Lekovic et al.50 who showed
a mean increase in attachment level of 2.86 mm, versus the 2.3 mm reported by
Becker. The 4.09 mm improvement in probing depth reported in this study is slightly
less than that reported by Pontoriero and slightly more than that found by Becker.
The attachment level changes showed a similar comparative pattern to probing depth
changes between the present study and the two previous human clinical reports.
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Therefore the conclusion that can be drawn from these clinical trials is that
this procedures can lead to a clinical improvement of Class III furcation and a
complete resolution of Class II. The three wall infrabony defects predictably repaired
with clinically significant amount of bone and clinical new attachment.

Bio-resorbable
Non-resorbable membranes may be somewhat impractical for use in humans,
since they have to be removed during a second procedure. Therefore, resorbable
membranes have been an active area of research in the past years.
Pitaru et al.,51 in 1987, communicated that after collagen membranes were
interposed between full thickness flaps and artificially denuded root surfaces in
three mongrel dogs, the apical migration of the epithelium was prevented during
the early stages of healing (10 days post-op.) and the collagen membranes were
colonized by connective tissue cells and incorporated within the healing connective
tissue. In 1988, Pitaru et al.52 again studied the potential of collagen membranes to
support guided tissue regeneration by controlling epithelial cells down-growth in a
dog animal model. In that study he tested collagen membranes 0.5 mm to 0.7 mm
thick from purified solution of rat-Type I collagen, on three adult beagle dogs. The
experimental sites exhibited a combination of three healing modalities: (1) partial
regeneration of periodontal tissue (new bone, periodontal ligament and cementum)
occurred in the apical half of the defect, (2) long epithelial attachment developed
in the coronal quarter of the defect and (3) connective tissue adhesion developed
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between the two. At one month the collagen membrane could not be identified in
the tissue. The conclusions of that study were that collagen membranes have the
capacity to support regeneration of periodontal tissues and that the collagen
membranes were either incorporated within the healing tissues or degraded by these
during the healing process.
In 1988, Blumenthal 53 evaluated the effectiveness of collagen membrane,
from purified soluble bovine dermal collagen integrated with chemically cross-linked
fibrillar collagen, in excluding gingival connective tissue and epithelial cells, and
guiding new attachment in surgically treatment of created defects in mongrel animal
model. Histologic and histometric evaluation at 2-12 weeks post-operative showed
that by eight weeks the membrane was almost completely reabsorbed, with no
occurring apical epithelial migration. The new connective tissue attachment to newly
formed cementum was evident and cementogenesis was formed over old cementum
and dentin. Sharpey's fibers were embedded in the newly formed cementum over the
previously exposed root surfaces and they were functionally oriented. Osteogenesis
was limited to the alveolar crest. The histometric analysis showed a range of 1.89 .±
0.12 mm of new attachment in the areas treated with GTR with collagen membrane,
versus 0.49 .± 0.11 mm of the control.
More recently, the same type of membrane, in two different preparations,
cross-linked and non-cross-linked, were tested again by Pfeifer et al. 54 on a beagle
dog animal model. After having experimentally induced Class II furcation defects on
four beagle dogs, the defects were treated with collagen membrane barriers. The
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animals were sacrificed at 1, 3, 4 and 8 weeks and block sections were collected.
The results from the histologic analysis showed that the non-cross-linked membrane
are totally reabsorbed in approximately three weeks and is therefore of no value in
controlling cell types at the healing site. Instead the observation from the crosslinked membrane indicate that not only this persist as an intact barrier for 6 to 8
weeks but also their resorption or degradation paralleled the formation of new bone,
cementum, periodontal ligament, and new gingival fibers apparatus. The conclusion
of the study was that the cross-linked collagen membranes not only were effective
in blocking out the epithelial cells from the area of new attachment but also were
both biologically acceptable and did not cause any adverse tissue reaction.

An other type of resorbable membrane was tested in the same year by Card
et al..55 Four Beagle dogs with naturally occurring periodontitis were used for this
study. The tested membrane was Cargile Membrane (Ethicon Co.), derived from the
cecum of an ox and is processed and chromatized in the same manner to suture
material. The animal were sacrificed at intervals of 2 weeks, 1 month, and 3 months;
block section were taken for both histologic and histometric study. The results
showed that the use of resorbable membrane can effectively divert gingival
epithelium and connective tissue from involvement in the initial healing of root
surfaces and thereby enhance the formation of new attachment and bone. Since the
critical events in the formation of new attachment appear to occur in the first month
of the healing process, the material last enough time, 4 to 8 weeks, to enable the
formation of new attachment. However, the author pointed also to several technical
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difficulties like to place the membrane coronal to the tissue interproximally and
secure its position over the defects. Therefore they concluded that the Cargile
membrane may not be the optimal material for this type of procedure, but it does
appear to be effective.
Concomitant to this study an other investigation by Minabe et al.56 tried to
compare two types of collagen membrane, Atelo-collagen (purified from bovine
dermis, solubilized in pepsin) and insoluble collagen (tendon collagen, obtained by
grinding and purifying bovine tendon) and their inhibitory effect on epithelial growth.
Some of the samples from these solutions were prepared for cross-linking with
ultraviolet rays (30 min.) or with hexamethylenediisocyanate. The collagen barriers
so obtained were implanted into a dissection site within the palatal tissue. The time
course of healing was investigated histologically. Collagen implantation by itself was
found to accelerate fibrous connective tissue attachment to the root surface and to
inhibit apical migration of the long junctional epithelium. Furthermore, cross-linked
atelo-collagen resulted to be superior in bio-compatibility to the other collagen
membrane studied. However, this study, due the short period of observation (14
days), could not evaluate either the behavior of periodontal ligament cells in the
process of reattachment to the root surface and cementogenesis or the period of
degradation of the different type of membranes.
A biodegradable, polylactic acid membrane was tested by Magnusson et al
(1988)57 in dehiscence-type buccal defects in dogs. On the average, connective tissue
repair amounting to 46 % of the initial defect height was observed as compared to
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12 % for non-membrane controls. Since results of the previous studies using
membranes suggest that the regenerative success may vary with the morphology of
the treated defects, Magnusson et al.58 designed a study to test the efficacy of the
polylactic acid membranes in a different type of defects. Thus, circumferential
defects were created in Labrador dogs and the outcome of treatment using polylactic
acid membranes was compared to the treatment of these defects without the use of
the membranes. The results demonstrated that the amount of connective tissue
repair with newly formed cementum approximated 50 % of the defect height for
both test and control groups. Thus, no advantage to the use of this type of
membrane was found, which is contradictory with the results of the previous study
using the same biodegradable membranes. The possible reasons for this difference
in results may relate to the use of deferent types of periodontal defects in these two
studies. However, this is only a speculation and it is quite possible that the lack of
regenerative enhancement following the use of membranes in the present study is
related to other factors than the defect type.
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COMBINED COLLAGEN AND DEMINERALIZED-FREEZED-DRIED-BONE
AS ALLOGRAFTING MATERIAL

This technique employees a combined grafting procedure using collagen and
freeze-dried demineralized autolyzed antigen extracted allogenic bone to regenerate
lost attachment apparatus in intrabony defects. Two studies are present in the
periodontal literature regarding this particular combined technique and both from
the same author.
In the first study, by Blumenthal et al.59 in 1986, tested the efficacy of this
combined allograft on gaining new attachment in surgically created defects in four
mongrel dogs and evaluated over 24 weeks. In this particular study the bone allograft
was combined with Zyderm collagen gel which provided an excellent medium for
delivering and concentrating the bone graft particles within the defects. The results
of this study showed that the collagen gel encouraged ingrowth of regenerative
tissue-fibroblast in the early stages of wound healing while the allogenic bone
induced new bone formation. The collagen appears to inhibit apical migration of the
junctional epithelium by providing a physical barrier against epithelial cell movement
along the root, this finding as been previously reported.60' 61 Both grafting techniques
resulted in new cellular cementum formation on the root dentin. The overall result
was a greater increase in new attachment than previously reported.62
In 1987, in a case report 63 the same author modified the previous technique
and used collagen barrier, in human bone grafted defects, to enhance guided tissue
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regeneration. He concluded that the graft materials were bio-compatible, technically
manageable and clinically effective and that research was still necessary to evaluate
this unique treatment modality of periodontal regeneration.

CHAPTER II
MATERIAL AND METHOD

Six Beagle dogs, of either sex between 12-48 months of age, were isolated
for two weeks prior to the experiment as a quarantine. The same period of time
was used for acclimatization in the Loyola Medical Center Animal Facility, and for
recording the parameters of health to be maintained along the course of the
experimentation.
The oral condition of each animal was noted during the first 14 days and
complete periodontal evaluation was recorded.
The beagle dogs served as their own control, the four quadrant were utilized
and the created periodontal defects were randomly assigned either for experimental
or control site.
An Hundred-forty-four day schedule of the experiment allowed for :
*

14 days quarantine

*

30 days for the creation of the two walled surgical bony defects to
simulate a chronic periodontal lesion in humans.

*

10 days for healing after removal of the "plaque retentive devices"
which simulated the healing process after the routine periodontal
pretreatment.

*

3 to 90 days for healing, after the second therapeutical surgery which
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allowed to study at different time intervals the healing process.
This allowed two walled osseous defects ,which simulate the periodontal
disease in humans, to be created 40 days prior to the experimental surgical
intervention.
This schedule also permitted to sacrifice the animals in a way that both
control and experimental sites were studied clinically and histologically at the same
time. Each dog was sacrificed at different intervals from the experimental surgery.
In this way it was possible to study the healing process at 0, 7, 14, 30, 60, and 90
days post-operatively (TABLE II).
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FIRST STAGE:
SURGICAL PREPARATION OF THE DEFECTS
TO SIMULATE PERIODONTAL DISEASE

Prior to the surgical procedures, the dogs received an intra-venous injection of
Sodium-Pentobarbital 35 mg/Kg for anaesthesia and, when long procedures were
encountered, an additional reduced dose of the same drug was administered. The
area of the surgery was also infiltrated subgingivally with Xylocaine 2% with
norepinephrine in solution of 1:50,000 which is routinely used also in human
periodontal surgery in order to reduce the bleeding during the procedures.
In the interproximal root surface area the infrabony defects were surgically
created : Under general anaesthesia, aseptic conditions, and after intrasulcular
incision, full mucoperiosteal flaps were raised in the isolated areas of the four
quadrants both buccal and lingual. A #700 fissure bur on a high speed hand-piece
with sterile saline irrigation was used to remove buccal and interproximal bone 5
mm from the cemento-enamel junction (C.E.J.) on the proximal surface of the first
premolar and second premolar to create 2 infrabony defects in each quadrant; a
total of 8 defects for each experimental animal were prepared. The root surface was
notched at the level of the bone to function as a land-mark for future histologic and
histomorphometric evaluation.
A plaque retentive device was wrapped around the C.E.J. of the adjacent
tooth before repositioning the tissue back to their original position. This procedure
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was done in order to allow dental plaque to colonize the so exposed root· surface
and simulate a human periodontal lesion. The "plaque retentive device" consisted
of a non-calibrated size wooden tooth pick ligated and secured in the osseous defect
with a sterile 0.01 inch stainless wire twisted and wrapped around the C.EJ. of a
single tooth (Fig.A). The ends of each wire was twisted in such a way that did not
cause any injury or pain during the normal masticatory function of the animal during
the period of 30 days in which they were left in place. This device simulates an overhanging restoration which routinely cause a progressive chronic periodontal pocket
in humans.
The mucoperiosteal flaps at this point were repositioned at their original
position and sutured with interrupted, vertical mattress, 4-0 resorbable suture, to
achieve primary closure.
Post-operatively the following drugs were administered:
Intramuscular injection of (600,00) units of Combioticin antibiotic was be
administered which covered the animal for 72 hour after the surgery.
Intramuscular injection of Biprunorfen 0.2mg/Kg was administered to
prevent the animals from the post-operative discomfort; the same dosage
was repeated at 12, 24, 32, and 48 hours.
This route was suggested by the clinical experience in humans and by
previous studies reported in the literature; however, if the animals experienced any
evidence of pain or distress the situation was reevaluated and the administration of
the drug protracted.
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Post-operatively, the dogs were under a soft-type of diet for at least the first
six days, consisting of the normal dry food re-hydrated for 2 hours in warm water.
Four to six weeks later, after oral inspection, the " plaque retentive device"
was removed and the site debrided. During this period the animals were constantly
under control to make sure that the wires did not move and therefore cause pain or
discomfort. In that case they were readjusted in a way not to cause any distress for
the animal.
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SECOND STAGE:

METHODS OF TREATMENT

Ten days after the completion of the period in which the disease had been
induced the experimental surgical procedure was carried out.
As previously outlined, five minutes prior to the surgical procedures, the

dogs received an intra-venous injection of Sodium-Pentobarbital 35 mg/Kg for
anaesthesia and, when long procedures were encountered, an additional dose of the
drug was administered. The area of the surgery was also infiltrated subgingivally with
Xylocaine 2% with norepinephrine in solution of 1:50.000 which is routinely done
also in human periodontal surgery in order to reduce the bleeding during the
procedures.
The same surgical entry, as previously described, was used at 40 days after
the creation of the original osseous defects. Those were surgically exposed,
meticulously curetted to remove all chronic inflammatory tissue, and the root
surfaces was thoroughly scaled and planed (Fig.B). At this time of the surgical
treatment measurement of the exposed root surfaces were taken from the base of
the defect, where an apical reference notch on the root surface was created, to the
previously created coronal notch.
At this point each group of periodontal lesions was randomly assigned to
four experimental groups:
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1. CONTROL GROUP:

Randomly assigned quadrant. After· having

preformed the standardized surgical procedures, the surgically exposed areas without
implant material was closed with interrupted 4-0 silk sutures.
2. DFDBA GROUP: Randomly assigned quadrant. After having preformed

the standardized surgical procedures, the demineralize-freeze-dried bone, in
accordance with the protocol for the humans,* was implanted in the areas of the
defects. At this point the flaps were closely readapted with interrupted sutures as in
the control group.

• PROCESSING PROCEDURES FOR THE DEMINERALIZE-FREEZE-DRIED BONE
(for the use in the human)

-

Bone is procured and processed under sterile conditions within 24 hours from death, stored in
quarantine at -7ff C until all medical history and blood tests are found negative.
Soft tissue is removed from bone and the bone is milled to gross particle size and defatted in 1:1
Chloroform-methanol sol. for four hours.
The bone is then placed in 0.1 M Phosphate buffer sol. containing 10 mM/liter of indoacetic acid
and 10 mM/liter sodium azide, this in order to obtain enzymic autodigestion of transplantation
antigens with preservation of BMP by sulfhydryl group enzyme inhibitors.
The bone is then washed repeatedly with deionized water and demineralized in 0.5M HCl for 72 hrs
at ~ C with constant agitation.
Demineralization has been verified by Missouri Analytical Laboratories Inc., using atomic absorption
to contain less than 2.0% calcium after demineralization.
Bone is buffered in 0.2M Phosphate Buffer for ten min. and rinsed repeatedly in deionized water
until pH is determined to be neutral.
Bone is then milled to final particle size and freeze-dried under vacuum, this cycle takes 5 days to
complete.
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3. COLLAGEN + DFDBA GROUP: Randomly assigned quadrant. After
having performed the standardized surgical procedures (as in the above), the
demineralize-freeze-dried bone was implanted in the areas of the created defects
(as in group 2). The filled defects were then covered with the collagen membranes;·
and meticulously adapted to the root surface. In this step it was essential that the
free margin of the collagen sheath cover on one site at least two millimeters of the
crestal bone and on the other extend at least one millimeter above the gingival
margin (Fig.C). The flaps were apposed for primary closure and sutured back with
interrupted 4-0 silk sutures.
4. COLLAGEN GROUP: Mandibular left quadrant. After having performed

the standardized surgical procedures, the exposed bony defects, which were
completely debrided, were left without DFDBA Only the collagen membrane used
as a "tent" was adapted on the root surfaces as done in the previous group and
leaving an empty space underneath it. At this point the flaps were apposed for
primary closure and repositioned with interrupted 4-0 silk sutures.
The same post-operative diet instructions, antibiotics coverage, and analgesic
as previously used in the first stage of the experiment were administered.

PROCESSING PROCEDURES TO OBTAIN "THE COLI.AGEN MEMBRANE"
FURNISHED BY THE COLI.AGEN CORPORATION (for the use in the human)
Collagen membrane are prepared from purified soluble bovine dermal collagen. Collagen is
precipitated out of the solution in physiological saline at neutral pH. The excessive moisture is removed
by centrifugation, and the concentrated collagen mass is dried over a continuous stream of air at room
temperature to form the dry membrane. The cross-linked collagen membrane is prepared by
incorporating chemical cross-linked fibrillar collagen into the collagen membrane during the precipitation
step.
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COLLECTION OF SPECIMENS

The animals were sacrificed respectively at 7, 14, 30, 60, and 90 days postsurgery.
On the day of sacrifice following sedation, the animals were given an
intravenous injection of lethal dose of Butanasia "D" (lcc/10 pounds, I.V.). Block
sections were obtained with the aid of a Striker saw. The specimens were washed
with distilled water and placed in jars containing 15 times the volume of the
specimen of 10% Zenker Formalin for fixation and left in the solution for about
one week.

PREPARATION FOR HISTOLOGIC EXAMINATION

Following adequate fixation, each specimen was decalcified in formic acid
and sodium citrate 50:50 by volume, trimmed, embedded in paraffin, and sectioned
at 10 microns in a transverse mesio-distal plane. The sections were stained with
hematoxylin and eosin (H and E) and samples of each were also stained with
Trichrome Masson's. The representative slides from each control and experimental
jaw specimen side both from hematoxylin and eosin and Trichrome staining were
selected for detailed histologic analysis.

CHAPTER Ill
RESULTS

CLINICAL OBSERVATION
The initial oral examination of the dogs revealed that the gingivae were
mildly inflamed and there were probing depths of 2 to 4 mm. Four to six weeks after
the creation of the periodontal defects with the wooden splinter irritant, moderate
to heavily amounts of plaque had accumulated and the gingiva were moderately
inflamed exhibiting spontaneous bleeding. Increasing probing depths (4-5 mm) were
achieved and maintained in all the prepared defects, except two which prematurely
lost the irritant and were not considered any longer as part of the study. The
statistical analysis of the measurement taken at the time of the second surgery of the
created bony defect revealed a mean exposed root surface of 7 mm (Fig.1).
Following the surgical treatment of the periodontal defects, the overall
healing was uneventful. Primary closure was maintained in all the defects that were
included in the second part of the experimental design. In certain samples, the
implanted collagen membrane was no longer clinically visible at the time of suture
removal or subsequent prophylaxis.
Throughout the second stage of the study no infections, abscess formation,
or untoward healing responses were observed in any of the treated periodontal
defects.
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HISTOWGIC OBSERVATION
Non implanted control defects

1 week specimen:
The sulcus epithelium in active proliferation was observed to be elongated
and had already migrated to the coronal portion of the apical reference notch in the
tooth. Subepithelial extravasation of blood was evident. The loosely arranged stroma
presented granulation tissue with neo-angiogenesis. Numerous dilated blood vessels
with signs of stasis were observed associated with a high infiltration of granulocytes.
The stroma and the underlying connective tissues occupying the coronal two thirds
of the defect were edematous, disorganized and immature. However, the apical one
third and the suprabony crestal connective tissue presented a more organized
fibrovascular tissue arrangement associated with neo-fibrogenesis and fibroblasts.
Osteoclastic activity was rarely evident although the crestal bone exhibited reversal
lines that indicated the occurrence of previous osteoclastic activity. Osteoblasts also
were regularly aligned on the crestal bony surface and, in their immediate
pericellular space, an eosinophilic amorphous osteoid-like material had been
deposited (Fig.2). However, no cemento-genesis, cementoblasts or active bone
formation was evident. In the area of the reference notch newly formed collagen
fibers were arranged coursing parallel to the long axis of the root surface.

2 weeks specimen:
The gingival and sulcular epithelia were infiltrated by granulocytes and
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exhibited active cellular proliferation at the basement membrane. The long
junctional epithelium had migrated for two thirds of the instrumented root surface.
The subepithelial stroma contained infiltrates of lymphocytes and plasma cells and
granulocytic migration from the stroma to the sulcular epithelium. Dilated bloodfilled capillaries were present in the edematous subepithelial stroma and some of
them showed stasis and margination of granulocytes.
In the connective tissue, transeptal fibers were horizontally oriented and
separating the highly lymphocytic infiltrated stroma from the crestal bone. The
collagen fiber bundles changed from horizontally oriented to become vertical
oriented, when reaching the root surface, which was completely deprived of
cementum. This demonstrated that active remodelling occurred in the connective
tissue and in the suprabony area. Osteoblastic activity was evident with the
deposition of an amorphous disorganized matrix surrounded by osteoblasts. Woven
bone was evident in the apical portion of the bony defect and correlated with
moderate cemento-genesis in the very apical portion of the notch in the teeth
(Fig.3). No sign of either ankylosis or root resorption was evident during
cementogenesis or/and osteogenesis.

1 month specimen:
The epithelium with normal rete pegs was well formed. The subepithelial
stroma presented granulocytic infiltration migrating from the underlying stroma in
both he junctional and sulcular epithelium. The long junctional epithelium had
reduced to along one third of the instrumented root surface. In the underlying
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stroma normal angiogenesis was present with localized dilated blood vessels. The
connective tissue was well organized with collagen bundles running horizontally in
the stroma; however, in the proximity of the root surface the collagen fibers were
turned and become parallel to the root surface. Scattered inflammatory infiltrates
were still present in the connective tissue; in one of the specimens, two areas of
dense PMN's infiltration were present at sates of necrosis. Woven bone had been
deposited in the apical one third of the original defect. The newly formed bone was
regularly circumscribed by a continuous mono-layer of osteoblasts signifying active
bone formation and remodelling. The bone formation was not accompanied by
cemento-genesis and the periodontal ligament fibers interposed between the neoformed bone and the instrumented root surface still ran parallel to the root
resembling more an encapsulation than a functional periodontal ligament (Fig.4 ).
2

months specimen:

The epithelium of the interdental area was keratinized and formed with
normal rete pegs and the basement membrane. In the vicinity of the crown the
disruption of the basement membrane and granulocytic infiltration from the
underlying stroma was still evident. The subepithelial stroma showed signs of
lymphocytic and granulocytic infiltration with slightly increased vascularity and
disruption of the stromal matrix. The connective tissue was not yet fully organized
and the transeptal fibers in some of the specimen were not completely formed. In
the apical portion of the notch cellular cementum matrix had been deposited and
showed inserted Sharpey's fibers which were still in active remodelling. From the
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trichrome stained collagen bundles inserting in the crestal newly formed interdental
bony septum it was evident that there was remodelling of the woven bone in a well
organized haversian system. Osteoclastic and osteoblastic activity were observed to
be still present as both osteocytic lacunae in new bone tissue were numerous, and
they were associated with reversal lines. Two thirds of the original defect has been
regenerated.
3

months specimen:

The epithelium was observed to be formed with normal rete pegs. However,
a subepithelial lymphocytic infiltration was evident in the stroma of the gingival
sulcus. The long junctional epithelium was observed to extend to the coronal portion
of the newly formed cementum. The cementum formation corresponded with that
of the regeneration of the interdental bony septum, and both cementum and bone
were observed at the same level on the root surface. The cementum had filled the
apical portion of the reference notch and had been deposited over a layer of old
cementum. From the trichrome staining the newly inserted collagen fibers were
evident both on the crestal bone and the newly formed cementum. The connective
tissue stroma was well organized in its characteristic architectural form. Particularly
evident were the dento-gingival and the alveolo-gingival fibers. There were no signs
of inflammation evident in the connective tissue. Sharpey's fibers were also very well
recognizable and organized in a functional pattern. However, the newly formed bone
was still in an active state of remodelling as both areas of bone resorption and new
bone deposition were observed. There was no sign of either ankylosis or root
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resorption evident.
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DFDBA implanted defects

J

week specimen:
The epithelium was disrupted, in active state of replication and migration.

It showed granulocytes infiltrating all the epithelial layers. In certain areas the
continuity of the basement membrane was lost leaving the underlying connective
tissue exposed. Some particles of the implanted DFDBA were present within the
epithelium. The superficial layers of the epithelium and part of the long junctional
epithelium were lost during the histologic preparation; however, the apical portion
of the reference notch showed the presence of epithelium supported and separating
newly formed collagen bundles which ran vertical from the apical "old cementum".
The stroma underlying the gingival epithelium was highly vascular, infiltrated by
inflammatory cells and extravasated blood was also evident. In the loosely arranged
connective tissue the particles of DFDBA were present in abundant number varying
in size (100 to 300 microns) and shape. Also observed were the bony chips from
compact cortical bone and exhibited osteocytic lacunae. They were generally
surrounded by osteoblastic cells and, to less extent osteoclasts in the form of
multinucleated giant cells (Fig.5). In the stroma the cells / matrix ratio was definitely
towards the greater cellular content. In the apical portion of the defect both the
osteoclastic and osteoblastic activity were more pronounced. New bone formation
was evident in the apical portion of the defect, rising from the crestal bone as
osteoid sprouted in the connective tissue in which islands of osteoblast-like cells were
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observed. Around a few particles of the implanted bone thin layer of amorphous
material had been deposited, however, osteoclastic resorption was more evident.
However, no sign of new cementum or cementoblast migration were evident.
2

weeks specimen:
The interdental epithelium was well formed and parakeratotic with signs of

granulocytic infiltration from the underlying infiltrated stroma. The rete pegs were
well developed and the basement membrane was with in the normal limits. A long
junctional epithelium was observed to have migrated to the coronal one third of the
instrumented root; in one of the specimens in which some of the cementum was left
after the root planing reattachment had occurred. The epithelium terminated at the
site where the connective tissue fibers were inserted in the old cementum. In the
stroma diffuse lymphocytic infiltration and numerous delated blood vessels were
observed. The collagenous matrix exhibited active remodelling and the collagen
bundles were still disorganized, except along the root surface where they ran in a
parallel fashion. The connective tissue stroma was highly cellular and vascular
throughout the entire implanted defect. There was a decreased vascularity towards
the apical portion of the defect where active bone deposition occurred. Bone had
regenerated in almost half of the original defect (Fig.6). Although, the woven bone
had formed around the implanted particles, there was no sign of new bone formation
by the osteoblasts surrounding the implanted bony chips (Fig.7). Instead, they
exhibited osteoclastic lacunae and osteoclasts on their surfaces. Furthermore, over
the instrumented root surface, there was no evidence of new cementum deposition,
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except at the base of the reference notch, where migrating cementoblasts and early
cementum deposition were evident. There were no sign of either ankylosis or root
resorption in the defect.

1 month specimen:
The epithelium appeared thin, parakeratotic, with only slight formation of
rete pegs. Few granulocytes were observed to be migrating the layers of the
epithelium. However, the underlying stroma was highly vascular with dilated blood
capillaries and invaded by lymphocytes and plasmacells. The junctional epithelium
appeared having arrested its apical migration at the level of an island of old
cementum on which new connective fibers are inserting. Those fibers were arranged
to form a primordial interseptal fibers apparatus which separated the above highly
infiltrated subepithelial stroma from the underling connective tissue and the bone
in active remodelling and apposition. This area evidentiated also high cellularity.
Some of the bony particles implanted appeared to be encapsulated and some others
instead were lined by osteoblasts-like cells. However, osteoclast in the form of
multinucleated giant cells and macrophages were also visible on their periphery. In
the apical third of the original defect high osteoblastic activity was occurring in the
form of newly deposited woven bone. This appeared to be highly cellular in content
and lined by osteoblasts on its perimeter (Fig.8). In parallel new cementum matrix
had been deposited in the entire area of the reference notch in the tooth structure.
The new cementum was cellular and presented inserting collagen fibers (Fig.9).
Coronal to this area some minor dentinal resorption was occurring and also some
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isolated areas of cementum deposition were evident. There were no signs of either
ankylosis or root resorption in the defect.
2

months specimen:

The epithelium exhibited sign of active proliferation at the basement
membrane, with rete pegs disrupted and infiltrating the underlying stroma. The
overall epithelium appeared to be parakeratotic with areas of ulcerations which leave
the underlying stroma exposed. The subepithelial stroma evidentiated a completely
disorganized collagenous matrix with high lymphocytic infiltration. The high
cellularity and vascularity were predominant features. Blood vessels appeared to be
numerous and dilated, although, no sign of hematocytic extravasation was evident.
A long junctional epithelium was observed to reach the coronal one third of the
instrumented root surface where it arrests its apical migration in correspondence to
a site of an island of new cementum. This had been deposited over the instrumented
dentin which showed signs of repair over previous dentinal resorption. Apical to this
site, other areas of active dentin resorption were observed by the presence of
multinucleated giant cells in dentinal Howship lacunae (Fig.10).
The gingival connective tissue well organized in its characteristic
architectural form. From the trichrome staining the transeptal and alveolo-gingival
fibers were particularly evident separating the inflammatory cell infiltrated in the
subepithelial stroma from the newly formed bone. The regenerated bone had filled
two thirds of the original defect (Fig.11 ). The implanted bony chips appeared to have
almost completely disappeared. Only two small spicules were evident at this time,
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one of which was present in the bone marrow and undergone osteoclastic resorption.
Toe crestal bone also showed active remodelling with areas of osteoclastic resorption
and osteoblastic new bone deposition. This was evident for the conversion from
immature woven bone to mature lamellar bone tissue.
The new bone regeneration was not followed by the reestablishment of a
normal and functional periodontal ligament. In fact, no new cementum deposition
was evident in the apical portion of the reference notch. Collagen fiber bundles ran
parallel both to the bony and dentinal structures. Although, localized areas of root
resorption had occurred, there was no sign of ankylosis .
3

months specimen:

The gingival epithelium was well formed, parakeratotic and with normal rete
pegs. Melanocytes were observed for the first time in the basement membrane. The
junctional and sulcular epithelia were in an active state of replication with the rete
pegs extending in the underlying stroma. Also observed were a lymphocytic
infiltration and numerous dilated vascular channels in a loosely arranged stroma. The
junctional epithelium was reduced as it had migrated only to one third of the
original defect. It had arrested at the site where the new cementum had been
deposited, at the level of the transeptal fibers.
The connective tissue was well organized in its characteristic architectural
form. Particularly evident, from the trichrome staining, were the transeptal fibers, the
dento-gingival, the dento-alveolar and the alveolo-gingival fibers. Few scattered
inflammatory cell infiltrates were present in the well organized collagenous
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attachment apparatus. The bone had regenerated in two thirds of the original defect.
It was highly cellular and exhibited osteoclastic lacunae with remodelling as giant
cells were particularly evident in the full extent of the outer surface of the
regenerated bone (Fig.12).
The newly deposited cementum regenerated and had filled the apical
reference notch and had correspondingly followed in the full extent the coronal bone
formation. The inserted Sharpey's fibers were functionally oriented reconstituting in
full the attachment apparatus (Fig.13). There were no evident sign of either ankylosis
or root resorption in the specimen.
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Colla~en membrane implanted defects

J

week specimen:
This specimen was partially compromised by the decalcification process and

part of the interdental epithelium with the underlying stroma and collagen barrier
were lost in the histologic preparation process; however, the remaining epithelium
was of 5 to 6 cells layers, parakeratotic and did not present rete pegs. Localized
areas of granulocytic infiltration were evident in the epithelium from the underlying
granulating tissue in stroma. The sulcular and junctional epithelium were not visible
because of loss during the preparation. The subepithelial stroma showed signs of
post-surgical inflammation with granulocytic infiltration, neo-vascularization, and
extravasation of hematocytes and edema. These elements were arranged in a loosely
arranged stroma. The deeper stroma presented the same features in a more
organized matrix. Large vascular channels were evident containing degradation
products from blood cells. This was due to a delay in the fixation of the block at the
time of harvesting.
The bone tissue exhibited high cellularity both in osteoblasts and octeoclasts
with signs of bone resorption and new bone deposition. Woven bone was deposited
at the base of the original defect and it was surrounded by a continuous layer of
osteoblasts which appeared as colonies migrating in the supracrestal granulating
tissue.
At the root surface, the connective tissue appeared reattached to the old
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cementum that remained when root planed (this event might be explained by a deep
section of the block); however, signs of new cementum deposition was evident, and
so were the neo-collagen fibers observed inserted in the cellular cementum. No sign
of either ankylosis or root resorption was evident.
2

weeks specimen:
The gingival epithelium was normally developed, parakeratotic with deep

rete pegs. Granulocytic infiltration was slight and diffuse in all the epithelial
components. The junctional epithelium had migrated downward in the upper third
of the original defect, and turned upwards over an island of old cementum that
remained. The apical migration of the epithelium was arrested on one side at the
level where the island of old cementum terminated and the root planed dentin was
observed to begin and on the other side, coronal to the collagen membrane (Fig.14).
A slightly more abundant granulocytic infiltration was present in the junctional
epithelium, which was also expressed a denser infiltrate in the underlying stroma.
The connective tissue was highly vascular with localized areas of perivascular
inflammatory infiltration; however, the collagen bundles were already assembled in
a primordial transeptal fiber organization with evidence of remodelling. The
implanted collagen barrier shows signed of cellular infiltrates of fibroblasts and
repopulation of the collagen sheaths (Fig.15). The ingrowth of vascular channels
were also evident, which separated the sheaths of the barrier.
The bone tissue was very cellular both on its periphery and in the endosteal
surfaces, where new bone matrix had been laid. Woven bone and bone remodelling

43

were evident not only in the apical portion of the defect but also at the coronal
portion of the left interdental septum. Osteoblasts were observed to have migrated
in the granulating tissue space created by the collagen barrier and the early
deposition of calcifying collagenous matrix was evident (Fig.16).
New cellular cementum was evident at the side of the root surface. This
appeared very thin and primordial; however, collagen bundles had already inserted
in its structural matrix and almost completely filled the apical notch. Coronal to this
a wide span of connective tissue adhesion was present, in which the collagen fibers
run parallel to the root surface. No sign of either ankylosis or root resorption was
evident.

1 month specimen:
The gingival epithelium was well organized, parakeratotic and with deep rete
pegs. Scattered melanocytes were present within the epithelium which also was
infiltrated by granulocytes; however, the basement membrane maintained its
integrity. Deep rete pegs were present also in the long junctional epithelium, which
also exhibited an inflammatory infiltrate. The long junctional epithelium had
migrated apically for about one third of the original defect and arrested in
correspondence with that of the apical remnant of the collagen barrier. However, in
one specimen the epithelium passed the collagen barrier and migrated apically for
two thirds of the root surface.
The subepithelial stroma contained a lymphoplasmacytic and granulocytic
infiltrates localized near the junctional epithelium, and numerous blood capillaries
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in the loosely arranged stroma. Apical to this area of inflammation, residues of the
collagen membrane barrier were evident, as observed in the trichrome stained
sections (Fig.17). The fibers of the barrier were completely disrupted and infiltrated
by fibroblasts and blood capillaries. However, no inflammatory infiltrate was
observed within this area. Apical to the membrane barrier residues, a thin layer of
newly formed, disorganized connective tissue was observed. It was highly cellular and
in active re-arrangement. This area was limited by a continuous monocellular layer

of osteoblasts, which were surrounded the newly formed woven bone, the new
osteocytic bone tissue, had filled in the most part of the original defect and exhibited
active remodelling. A definite bone apposition line define a junction between the
old mature, more compact and less cellular bone and the newly apposed bone that
had reestablished most of the original architecture of the interdental septum(Fig.18).
New periodontal ligament fibers and cementum had been formed over the
surgically deprived root surface, and extended from the base of the defect to more
than three quarters of the regenerated bone. This newly regenerated structure
demonstrated a thin, cellular cementum, continuous with inserted collagen fiber
bundles, which were not completely and functionally organized. There was no signs
of either ankylosis or root resorption.
2

months specimen:

Localized areas of the superficial layers of the epithelium were lost during
the histologic preparation; however the remaining epithelium was well formed,
parakeratotic, with deep rete pegs and infiltrated by PMN's. The epithelial
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attachment apparatus was formed by a long junctional epithelium extende·d to the
middle of the coronal third of the original bony defect, and varying in dimension
from 7 cells layers to two in the apical portion. It arrested at the junction in
correspondence with that of the newly formed cementum and connective attachment
apparatus.
The subepithelial stroma showed signs of active inflammation with an high
lymphoplasmacytic and granulocytic infiltrate, neo-vascularity and, as observed from
the trichrome stained sections, an almost complete absence of collagen fibers. This
area was restricted to the tip of the interdental papilla. Underlying this area, the
connective tissue attachment apparatus was well organized in its characteristic
architectural form. The attachment site delimited in its extent the coronal,
subepithelial attachment inflammatory infiltrate from the newly regenerated alveolar
bone. Particularly evident, from the trichrome stained sections, were the transeptal
fibers, the dento-gingival, the <lento-alveolar and the alveolo-gingival fibers. There
was no evident inflammatory infiltrate within this area. At this stage the implanted
collagen membrane barrier was not distinguishable.
The new bone tissue had completely reformed and almost completely filled
the interdental septum and its remodelling; however, it was still highly cellular and
showed areas of osteoclastic resorption and osteoblastic new apposition, which were
defined by the reversal lines on the original bony defect (Fig.19).
A new periodontal ligament and cementum attachment apparatus had
been formed over the surgically deprived cementum on the root surface. This
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structure extended from the base of the defect coronal to the crestal bone. The
cementum changed in its dimension from the apical portion to the coronal extent.
It was observed as a layered structure cellular, continuous and with inserted collagen

fiber bundles which, at this time had assumed a functionally organized pattern
(Fig.20). No sign of either ankylosis or root resorption was evident in the specimen.
3

months specimen:
The gingival epithelium was well organized, parakeratotic and with deep rete

pegs. Granulocytic infiltration was slight and diffuse in all the epithelial components.
The junctional epithelium had migrated for about half of the original defect and had
arrested at the site of the newly deposited cementum, which was approximately at
the level of the transeptal fibers.The underlying stroma was highly vascular with
dilated blood capillaries and contained lyphoplasmacytic infiltrates. The inflammatory
infiltrate was limited to the subepithelial stroma and the superficial well organized
transeptal fibers that were isolate from the deep connective tissue and bony
structure.
The connective tissue was well organized in its characteristic architectural
form. Particularly evident, as observed from the trichrome staining, were the
transeptal fibers, the dento-gingival, the <lento-alveolar and the alveolo-gingival
fibers. A this stage the implanted collagen membrane barrier was not distinguishable.
The new bone tissue had reformed, filling the interdental septum for
approximately three quarters of the original defect. The new bone tissue had
completed its remodelling. The amount of regeneration of bone tissue, cementum
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and periodontal ligament, observed at this stage appeared to be less than that seen
in the two previous stages; however, the level of the bone tissue formed
corresponded with that of the inter-radicular bony level of the adjacent involved
furcation.
A new periodontal ligament and cementum attachment apparatus had
been formed over the surgically deprived cementum on the root surface, and
extended from the base of the reference notch, which had been filled by cementum,
to the coronal portion of the crestal bone. The cementum was cellular and appeared
continuous and with the inserted collagen fiber bundles which, at this time, had
assumed a functionally and organized pattern. No sign of either ankylosis or root
resorption was evident.
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Combined colla&en membrane and
DFDBA in implanted defects

1 week specimen:
The gingival epithelium was normally developed, parakeratotic, with deep
rete pegs. In the area near the junctional epithelium the rete pegs became more
accentuated and extended deeply in the stroma. The cells in the basal cell layer
exhibited active replication and migration; in fact, epithelial projections had migrated
in the stroma between the collagen barrier and the subepithelial stroma. It appeared
that in some of the deep rete pegs hydropic degeneration had occurred. Near the
junctional epithelium few particles of the implanted bone appeared to be included
in the rete pegs. Granulocytic infiltrations were present in all the epithelial layers
and more abundant near both the junctional and the sulcular epithelia. It was
evident that the junctional epithelium had migrated along the root planed root
surface to reach the collagen membrane where it terminated (Fig.21). The
subepithelial stroma near the junctional epithelium was highly infiltrated by
lyphoplasmacytic inflammatory cells and especially granulocytes. Extravasation of
blood and neo-angiogenesis were evident in the area adjacent to the root surface and
between the epithelial basal cell layer and the collagen barrier. The trichrome
staining of the implanted collagen membrane barrier was particularly evident
separating the area of the defect, where the bony particles were implanted, from the
granulating subepithelial stroma. The membrane barrier did not contact the root
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surface. A microscopical gap between it and the root surface was filled by ·loosely
arranged and edematous matrix, which exhibited a cellular infiltrate, early neovascularization and few implanted bony particles. Early colonization by fibroblast of
the collagen membrane barrier was evident (Fig.22); although, the sheaths of the
barrier were still well packed and no inflammatory infiltrate was directly either
surrounding or infiltrating the membrane.
Under the implanted collagen membrane, in the area of the original bony
defect, the presence of the implanted bony particles was evident. They were
incorporated in highly granulating tissue and edematous stroma. Immediately
beneath the implanted membrane extravasated blood was evident and the bony
particles were loosely arranged in an edematous stroma. More apically the
extracellular matrix exhibited a more advanced stage of differentiation with
collagenous fibers surrounding the bony chips. At this site osteoclasts in the form of
multinucleated giant cells and osteoblasts-like cells were observed surrounding the
bony particles. The inflammatory infiltrate and the formation of new vascular
channels were still the predominant features (Fig.23).
At the bony sites osteoclastic activity was the predominant features with
numerous multinucleated giant cells and Howship lacunae. No new bone apposition
was evident; although, there were few areas which showed osteoblasts lined on the
surface of the interseptal bone and the implanted bony particles. New cementum
was not evident, although, a rudimental collagenous matrix with fibroblasts was
evident arising from the apical portion of the defect, where cellular cementum and
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periodontal cells were present.
2

weeks specimen:

The gingival epithelium was normally developed, parakeratotic, with
deep rete pegs. In the area near the junctional epithelium, hydropic degeneration
had occurred. The cells in the basal cell layer exhibit active replication and
migration. Granulocytic infiltrates were present in all the epithelial layers and more
abundant near both the junctional and the gingival epithelia. It was evident that the
junctional epithelium had not migrated along the root planed root surface and did
not reach the collagen membrane barrier. The subepithelial stroma near the
junctional epithelium was highly infiltrated by lymphoplasmacytic and granulocytic
inflammatory cells. Neo-angiogenesis and inflammatory granulocytic infiltrate were
particularly evident in the area adjacent to the root surface and between the basal
cell layer and the infiltrated collagen membrane barrier. The trichrome stained the
implanted collagen membrane was particularly evident separating the area of the
defect, where the bony particles were implanted, from the granulating subepithelial
stroma. The membrane barrier was observed in contact overlying the distal
edentulous crestal bone and it did not appeared to be in contact with the root
surface. A microscopical gap between it and the root surface was filled by loosely
arranged and edematous matrix, fibro-cellular infiltrate, neo-vascularization and few
implanted bony particles. An increased colonization of the collagen membrane by
fibroblasts was evident; the sheaths over the barrier were separated and infiltrated
by granulation tissue (Fig.24).
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Under the implanted collagen membrane, in the area of the original bony
defect, the implanted bony particles were evident. They were incorporated in the
highly granulating tissue and edematous stroma, in which neutrophils and
macrophages were evident and the bony particles were still loosely arranged in an
edematous inflamed stroma. In the areas adjacent to the bony walls, the extracellular
matrix exhibited a more advanced stage of differentiation with collagenous fibers
surrounding the bony chips. Rarely, few osteoclasts in the form of multinucleated
giant cells were observed at this stage of healing. Osteoblasts-like cells were
observed surrounding the bony particles. The inflammatory infiltrate and the
formation of new vascular channels were still the predominant features.
At the bony sites osteoblastic activity was the predominant features. The
osteoblasts lined the bony surfaces and that of the woven bone projecting from the
defects in the bony walls. Signs of previous osteoclastic activity were evident from
the Howship lacunae both on the bony walls and the implanted particles. No sign
of new cementum was evident, although, like at one week a rudimental collagenous
matrix with fibroblasts was evident arising from the apical portion of the defect
where cellular cementum and periodontal cells were present. At this stage of healing
a long connective tissue adhesion type of attachment was found with collagen fibers
running parallel to the root surface (Fig.25).

1 month specimen:
The gingival epithelium appeared to be normal, as it exhibited parakeratotic
surface with deeply and well formed rete pegs. A thin but continuous long junctional
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epithelium had migrated along the coronal third of the root surface. The
subepithelial stroma presented few scattered inflammatory infiltrates, with signs of
neo-fibrogenesis and high vascularity. The lymphocytic and granulocytic infiltrates
were more abundant near the sulcus epithelium, where PMN's were seen infiltrating
the basal cell layer. The connective tissue stroma was well organized and some of
the characteristic fibers of the attachment apparatus were particularly evident from
the trichrome stained sections. The density of the fibers was more pronounced at a
coronal level than that seen more apically, where residues of the desegregated and
fibroblast-colonized collagen membrane barrier were evident. Between this area of
well organized tissue and low inflammatory cellular infiltrate, and the bony walls, an
area of higher inflammatory infiltrate was evident. In this area the loosely arranged
stroma contained few particles of the implanted bone which were surrounded by a
thin layer of fibroblastic cells. No evidence of active osteoclastic activity either on
those particles or on the bony walls could be observed. At the base of the bony
defect woven bone deposition was present and the Howship lacunae were now
repopulated by osteoblasts (Fig.26).
The defect appeared to be in a less advanced stage of bone formation as
compared with that observed at previous stage of healing. The same observation was
made for the new cementum deposition. Both bone and cemental tissues appeared
in a very thin and restricted area at the base of the apical reference notch. The
predominant type of healing was by a parallel, long connective tissue adhesion on
the root surface.
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2

months specimen:

The gingival epithelium was normally structured and parakeratotic. It
exhibited sign of active proliferation at the basal cell layer with an area showing
hydropic changes in the suprabasal cell layer. Infiltrating granulocytes were evident
throughout the gingival epithelium, more abundant near the thin long junctional
epithelium. The junctional epithelium had migrated along the root surface to reach
the coronal third of the original defect (Fig.27).
The subgingival epithelial stroma was well organized in a dense fibrous
structure. However, the area near the junctional epithelium exhibited an active
lymphocytic infiltration, with numerous capillaries in a loosely arranged stroma. The
trichrome stained sections showed only few collagen fibers. However, the gingival
connective tissue was well structured showing well developed transeptal fibers. No
sign of inflammation was present at this level. The residual implanted collagen
membrane barrier was not evident any longer among the supracrestal collagenous
fibers.
Bone regeneration had occurred in two thirds of the original defect (Fig.28).
Osteoblastic activity was evident with osteoblasts aligned on the surface of the
remodelling bone tissue. Osteoclastic activity was not evident; although, Howship
lacunae were evident. The particles of the implanted bone were rarely evident,
except for a few which were being reabsorbed by multinucleated giant cells.
The PDL was well developed with functionally oriented Sharpey's fibers inserted in
the newly deposited bone and cellular cementum. This attachment of Sharpey's fibers
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filled the apical notch and had also followed the bone formation coronally. The
attachment of fibers terminated a few microns above the crestal bone and in
correspondence with the termination of the long junctional epithelium (Fig.29).
3

months specimen:
The overall results of this specimen were similar to the one obtained at two

months.
The gingival epithelium was thin, parakeratotic, with deep rete pegs. The
underlying stroma exhibited a profuse lymphocytic infiltrate in a loosely arranged
and highly vascular stroma, which from the trichrome stained sections showed very
little content of collagen fibers. The junctional epithelium had migrated to the
coronal third of the original defect. Like in the previous stage of healing, it
terminated at the level where the neo-cementum had been deposited.
The gingival connective tissue was well organized in its characteristic form
that demonstrated the well developed and dense collagenous transeptal fibers
inserted in the newly formed cementum. No significant sign of inflammation was
present in the stroma.
The (Fig.31 ).

CHAPTER IV
DISCUSSION

This study was designed to investigate the regenerative potential to reform
the lost attachment apparatus and healing sequence of two experimental treatment
modalities in experimentally created infrabony defects in beagle dogs; the two
techniques, demineralized freezed dried bone allograft and guided tissue
regeneration, by resorbable collagen barrier, were tested separately and combined.
The overall results of the present study have demonstrated that both resorbable
collagen barrier and DFDBA are effective in diverging or at least retarding the down
growth of the gingival epithelium enough to allow the formation of significant new
periodontal ligament attachment. The data obtained suggests several clinical
applications.
CREATION OF CHRONIC OSSEOUS DEFECTS
Experimental periodontitis can be successfully created in experimental in the
beagle dogs and other animals. Furthermore, the beagle dogs are by them-serves
good simulators for experimental periodontitis, due to the natural tendency that they
have to be affected by the disease. Osseous defects in alveolar bone can be
successfully created with a enough similarity to one an other in beagle dogs,
however, like in the human natural defects they are never identical; therefore, some
55
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of the results can lead to false conclusions if this is not kept in consideration.
Another misleading effect working on surgically created defects is that they have an
unpredictable tendency for spontaneous regeneration, which obviously must be taken
into consideration in the analysis of the results. This effect has been previously
reported, however, it is felt that the disease so produced can serve as an excellent
experimental model for the healing studies of regenerative surgical treatments of
periodontal disease.
Clinically, the previously prepared defects manifested an obvious increase
in size and alteration of the artificially created architecture oh the alveolar bone
defects, which were observed at the time of the surgical treatment. Resorption of the
osseous tissue occurs adjacent to the surgically created defects. In few of the defects
that prematurely lost the "plaque accumulation device", regeneration also occurs in
part of the defect. These defects, which were then excluded from the investigation,
showed upon histologic analysis, root resorption with ankylosis to bone, repairing
only partially the normal architecture of the interdental bony septum.
Although, a similar methodology has been recently reported with similar
results, it is significant that chronic two- and three-wall periodontal osseous defects
could be consistently obtained by the method employed in this study.

ATTACHMENT APPARATUS VERSUS JUNCTIONAL EPITIIELIUM

It is well known that after any type of periodontal treatment, the healing
that results is only in the repair of the attachment apparatus with the formation of
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a long junctional epithelium extending to the apical portion of the instrumented
root surface. This phenomena is due to the high replication and migration capacity
of the epithelial cells over an exposed connective tissue stroma, which is particularly
expressed in the junctional epithelial attachment. The epithelial cells of the
junctional epithelium can migrate at a rate three times the rate of the PDL cells;
therefore, a long junctional epithelial attachment is the common finding after root
instrumentation.
It is still questionable whether or not the long junctional epithelial
attachment resulting from the periodontal therapy has the functional and anatomical
capacity to resist further periodontal break-down; therefore, the principal aim of
periodontal therapy would be to fully restore The architecture of the normal
attachment apparatus lost due to periodontal disease.
DFDBA
As previously mentioned the dog tissues have higher regenerative capacity

after periodontal surgery than the humans; therefore, more repair is to be expected
also for the control group. In reality, this group does present regeneration of true
connective tissue attachment, however, this never passed half the distance of the
original bony defect. Furthermore, the long junctional epithelium is always facing the
advancing front of new cementum formation where the inserted collagen fibers of
the repairing attachment apparatus are anchored. The reparative long junctional
epithelium forms along half of the previously exposed root surfaces. The junctional
epithelium for the DFDBA group proliferates apically, although, it is rarely observed
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far beyond the level of active bone formation and the amount of new cementum is
usually paralleled by the amount of new bone formation. The junctional epithelium
does not extend past to the side of new cementum deposition. Although, when
comparing the DFDBA group with the other two collagen membrane groups it
appears that less connective adhesion interposes between the junctional epithelium
and the new cementum deposition. However, a small interface of connective tissue
adhesion is always present. This finding is in agreement with recent findings reported
by Bowers et al..64 when using this same surgical technique in humans.
Colla~en Membrane and DFDBA & Colla~en Membrane
In the two experimental groups where the collagen barrier was used the
pattern of healing is similar in all of the stages of regeneration and the final results
lead to the same conclusions in both surgical technique.
The cross-linked collagen barrier is effective in blocking out epithelial
cells from the area of new attachment and this is not only due to a mechanical effect
of obstruction. In fact, in some specimen the barrier is not completely adherent to
the root surface leaving a gap that is filled by loosely arranged granulation tissue and
inflammatory cells. However, even when this is the situation the proliferating cells
appear to stop near the area where the membrane is in the adjacent tissues. These
epithelial cells also proliferate between the collagen membrane and the subepithelial
stroma. Therefore, it is evident that the collagen barriers not only function as a
mechanical barrier but may also serve as both an inhibitor for the epithelial cells
migration along the root surface, and as a chemotactic agent for regenerative
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mesenchymal cells. These conclusions are also confirmed by a previous study by
Skinner et al.,65 in 1976. They used chondroitin sulfate and purified calfskin collagen
in experimentally created defects in the monkey and found them to be a biocompatible "space filler", that inhibited the migration of the epithelial attachment
and provided a scaffold for the ingrowth of regenerative mesenchymal cells from the
PDL. More recently the same conclusion were reached by Blumenthal et al ..59 In the
analysis of the results the proliferating epithelial cells did not reach the interface
between the new bone and treated root surfaces. In contrast, the control sites did
form a long junctional epithelial attachment with disorganized and minimal osseous
repair.
The observation of the healing sequences and the host response to the
implantation of the collagen barriers confirms the impression that allograftic or
xenograftic collagen is a weak immunogen and is biologically inert. In fact, in all
the specimens analyzed the collagen barrier failed to elicit any sign of foreign body
or inflammatory reaction. Instead, neo-fibrogenesis surrounding the collagen barrier
is always a constant finding, even in the early stages of wound healing. This finding
is supported also by the results recently obtained by others.51 •52•54

OSSEOUS TISSUE REGENERATION
DFDBA & DFDBA with Colla~en Membrane
In the two experimental groups where DFDBA was used the pattern of bone
healing was very similar in all of the stages.
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The osteoinductive response that follows the implantation of DFDBA
particles in periodontal defects follows a pre-determined pattern of healing, that is
characteristic of the this particular bone grafting material. As also described by
others"'after the implantation of the DFDBA particles in the first two weeks of
healing the implanted area is dominated by an active inflammatory infiltrate, which
leads to a superficial resorption of both the host bone and the implanted bone. An
infiltrate of polymorphonuclear leukocytes, histiocytes, and lymphocytes are
particularly evident in the initial stages of wound healing. These histiocytic preosteoclasts originate from blood borne bone marrow derived cells that migrate into
the area of bone formation. Therefore, transplantation of DFDBA particles induce
aggregation of pre-osteoclasts to form multi-nucleated giant-cells, also called "matrixclast". The function of these cells is to resorb the demineralized matrix recognized
by the host as a foreign body.
Resorption of the decalcified matrix generally precedes the bone induction
and it seems that it is this that induces the cleavage from the matrix of chemotactic
(BMP), mitogenic (BMP, PDGF and Collagenous matrix) and growth factors {TGFB, BDGF, FGF). These bio-products of bone resorption function in an unclearly
understood fashion. The appear to act through a cascade of molecular events that
induce the disaggregation, migration, reaggregation, and multiplication of multipotential perivascular mesenchymal cells, and to differentiate in pre-osteoblasts and
osteoblasts.
It is during this initial wound healing period that the osteoinduction occurs,
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starting with the disaggregation of the perivascular mesenchymal cells from the
vascularized surrounding tissues of gingiva, bone marrow, and PDL for the group of
DFDBA, and only from the bone and PDL for the collagen membrane and DFDBA
group. Initially these cells migrate in the grafted defect with the endothelial cells of
the sprouting capillaries; however, on the 7 and 14 days specimens, when the
capillaries invade the area of the defect, they are in great numbers in the coronal
areas of the bony defect and appear to proliferate independently from the capillaries.
The disaggregation and migration of these undifferentiated cells, which are
a reservoir of cell renewal for normal tissue turnover, is mediated both by BMP and
fibronectin. The BMP is partially derived by the osteoclastic resorption of the host
bone, and initially by the superficial solubilization of the BMP from the DFDBA
This is followed by an additional boost of inductive protein liberation by the process
of resorption of the demineralized matrix. The fibronectin, instead, is derived only
by the host tissue. It is the combination and the sequential cascade of all those
factors that then acts on the homeostasis and the proliferative capacity of the host
bone tissues.
Once these mesenchymal cells reach contact with the DFDBA particles they
re-aggregate

in the surrounding area to form clusters, and at this point they

differentiate in a more mature stage. In fact, at one week, the granulation tissue
surrounding the allograft particles shows signs of organization, and many cells show
intermediate stages between undifferentiated mesenchymal cells and fibroblasts, and
around some of the particles, osteoblastic-like differentiation occurs. These
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observations demonstrate that mesenchymal cells can be the source of many
specialized and phenotypically different cellular elements.
Even though this differentiation occurs around the DFDBA particles at a
very early time in wound healing, the organization of the coagulum and the new
bone formation seems to be delayed. Furthermore, the new bone deposition does not
immediately occur around the bony particles, but it appears to derive from the
surrounding bone marrow. Therefore, the DFDBA is completely reabsorbed without
giving rise to the endochondral bone formation, as it was described by Urist et al..
Instead, their resorption is replaced directly by new osteoid bone deposition from
the from the surrounding micro-environment of the host bone, by a process referred
to as "creeping substitution".
The rate of new bone formation increases very rapidly from day 14 to 28
and declines thereafter. This finding supports previous finding by Mellonig et al ..28
When comparing the healing process of both the implanted groups with the
control group it appears evident that the DFDBA induces an overall increase of
both the initial inflammatory infiltrate

and granulation tissue reactivity. This

phenomena leads first to the formation of a more aggressive granulation tissue,
which is expressed by the host bone resorption, and then to a delay of the initial new
bone formation. However, at the end of the healing process the initial delay of bone
formation does not affect either the rate or the amount of new forming bone. In
fact, the rate of forming bone appears to be amplified at the later stages of wound
healing; instead, in the control group the bone "repair" at this stage is already
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terminal and only remodelling resorptive activity is present.
When comparing the two groups where DFDBA was implanted the results
show the same sequential healing process; however, the amount of bone regenerated
is greater in the DFDBA with collagen membrane group than the DFDBA group
alone. This finding can be attributed to the fact that the collagen barrier might have
created a closer environment where the coagulum with the demineralized bone
particles could integrate in an early disorganized granulation tissue. This prevents
the "wash-out" that naturally occurs in the early post-operatory period. Another
factor that may influence the better results is the separation of the forming
granulation tissue from the gingival connective tissue and, therefore, allowing the
coagulum to be repopulated only by cells deriving from bone tissue, pluri-potential
mesenchymal cells, pre-osteoblasts and osteoblasts.
Collagen Membrane
The results from the collagen barrier group suggest that the retardation of
the epithelial migration might be only one of the factors implicated in achieving the
greater amount of regeneration obtainable with this surgical technique as compared
to the control group. In fact, in a two wall bony defect the collagen membrane serves
also as a space maintainer allowing a large blood clot to form underneath it, and
prevents any interference to occur during the its maturation. The blood clot is then
rapidly repopulated by both endothelial cells and perivascular undifferentiatedmulti-potential mesenchymal cells, from both the bony marrow and PDL The
exclusion of cells that derive from the gingival tissue, as first suggested by Melcher
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et al.,35' 36 might be the reason for the early maturation of the blood clot and the
amount of regenerated bony tissue found in this experimental group.
As early as one week, fibroblasts and colonies of osteoblasts from the base

of the defect and from the surrounding bony walls are seen repopulating the bony
defect. New osteoid matrix is deposited at the base of the defect, and islands of new
osteoid are also evident within the organized granulation tissue. At two weeks the
original bony defect is completely filled-in by immature woven bone, which shows
signs of active remodelling and crestal bone apposition. By one month the entire
granulation tissue is converted into immature woven bone. Although, the osteoblasts
are still very active by one month there are early signs of remodelling, without
evident crestal bone tissue apposition. The results of this experimental group
correspond with a similar histologic study on dental root furcation treated with the
same type of resorbable membranes.54 Between the one month and two months
interval, the woven bone is remodeled and converted into the mature bone
Haversian systems. Thereafter, only minor remodelling of the crestal bone occurs
without evident coronal bone apposition.
When comparing the results of this experimental group to that of the control
group, they both shows the same amount of post-surgical inflammatory infiltrate;
however, in the collagen barrier group, the blood clot is better organized even in the
early stages of wound healing. Moreover, at the end of this wound healing study, the
control group shows only incomplete repair with a long junctional epithelium
interposed between the newly formed bone tissue and the root surface. The bone
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repair is limited at the base of the notch for the control group; instead, for the
collagen barrier group the new bone formation almost regenerates the entire
interdental septum in its natural architecture. This finding confirms the theory that
the bone has the potentiality to regenerate if a large blood clot is left to mature
undisturbed.
It is not possible to make any conclusion whether the exclusion of the
gingival tissue does play a role or not in the regeneration of the bone. The perivascular multi-potential mesenchymal cells deriving from it might have the
phenotypic capability, under proper stimuli, to differentiate in pre-osteoblasts.
However, the exclusion of the gingival fibroblasts from the bony defect by the
collagen barrier prevents the granulation tissue to become a fibrotic type of tissue
within the cavity of the bony defect.
When comparing the final healing results of the collagen barrier group
versus both the DFDBA implanted groups, it is evident that at the same healing
stage the collagen membrane always leads to a more intense maturation of the
granulation tissue, and the rate of bone formation shows a more advanced stage of
healing with less inflammatory infiltrate. Although, at the end of the experimental
period the bone regeneration is almost equivalent for both the collagen membrane
and the DFDBA implant groups and less for the DFDBA alone group. However,
both the amount of bone formation and new attachment apparatus of the DFDBA
alone group are significantly superior when compared with the control.
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CEMENTUM & PERIODONTAL LIGAMENT FORMATION .
The analysis of results regarding the timing sequence of cementum
deposition lead to the conclusion that the cementum formation lags behind the bone
formation; therefore, the cementum secreting cells tend to migrate coronally in the
experimentally created PDL space.
The formation of a new PDL occurs first by the formation of a connective
tissue adhesion, having collagen bundles running parallel to the previously exposed
root surface and the newly forming bone. At this time, the fibroblasts adhere to the
dentinal surface. This immature structure is then replaced by new cementum
deposition with functionally oriented collagen fibers inserting in it, and the
remodelling of the woven bone allows for the fibers from the bone to be trapped in
the calcifying matrix.
The process of cementum formation starts by the third day post-surgery with
the clonal expansion of PDL cells, in two different subpopulation of cells, the so
called proliferating cells, which do not differentiate in a specific phenotype and are
the providers of new cells for the turnover of the PDL, and the differentiated cells,
which have the capability of migrating and differentiating into cementoblasts. The
peak of clonal expansion is occurs by the third day, although at this period of time
no new matrix secretion occurs.
Collaien Barrier
The primordial cementum deposition is evident in this study, as early as one
week post-surgery and it is evident only in the apical portion of the defect over the
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old viable cementum; however, at this time signs of cell migration are evident at the
base of the reference notch, which indicates that the committed cells have been
already induced to differentiate and to migrate. In this experimental group the new
cementum deposition is evident by the second week post surgery. This results also
support previous findings on the origin of the cementum secreting cells.67•68
Other theories exist regarding the cyto-differentiation and the origin of
these cells. It is common belief that osteoprogenitor cells and pluripotential
mesenchymal cells also have the capacity, under proper induction, to differentiate
into active cementoblasts. In this case, the induction can be furnished either by
allograft inductive bio-products or by the dentinal surface.
In the two and three month specimens of the two experimental groups
where the collagen membranes were used, the cementum deposition reaches the
crestal bone, and in some specimen it also migrates coronally. However, both the
level of new cementum deposition and new attachment for the collagen membrane
group correspond to that previously reported by other investigators.45

RATE OF DEGRADATION OF THE COLLAGEN MEMBRANE
The histologic analysis shows that the resorbable barrier is colonized by
fibroblasts as early as two weeks, by one month the disruption and remodelling of
the collagen barrier is already advanced, and by two months it is very difficult to
distinguish it from the newly formed attachment apparatus. This early degradation
of the collagen barrier does not compromise its efficacy; in fact, according with the
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finding by Aukhil et al.,69' 70 who showed that the amplifying division of periodontal
ligament cells pumped into experimentally created periodontal spaces of fenestration
wounds is completed by 21 days. Therefore, it is evident that the migration and recolonization of the root surfaces by the PDL cells in guided tissue regeneration
procedures is completed by one month. This confirmed the findings by an other
investigator (Caffesse et al.,45 ). After analyzing clinically and histologically polytetrafluoro-ethylene membranes removed at different time intervals, he found that
there isn't any difference in the results if the membrane is left longer than one
month. Instead, after one month complications such as abscess and gingival recession
occur after such period of time. Therefore, he concluded in his study that the
membranes stops playing a role in guided tissue regeneration at one month, and
there is no difference both in the apical migration of the epithelium and amount of
cementum deposition after that time.
From the observation of the healing sequences and the host response to the
implantation of the collagen barriers confirm that either allograftic or xenograftic
collagen is a weak immunogen and is biologically inert. In all of the specimens
analyzed the collagen barrier fails to elicit any sign of foreign body or any
inflammatory reaction. Instead, neo-fibrogenesis surrounding the collagen barrier is
always a constant finding even in the early stages of wound healing. This finding
supported also by the results recently obtained by Pitaru et al.51 '52 and by Pfeifer et
al ..54
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ROOT RESORPTION AND ANKYWSIS
It has been previously postulated by Melcher et al.,36 Karring et al.38 •39 and
Nyman et al.37' 40 that if bone osteoprogenitor cells migrate into the area adjacent the
root surface, before the new cementum has been deposited, root resorption and/or
ankylosis might occur. However, in this study, even if the new cementum deposition
always follows the bone formation, in no instance does ankylosis occur in the three
models of therapy.

CONCLUSIONS

Within the limits of this study it may be concluded :
Chronic periodontitis can be successfully simulated in beagle dogs by the
method employed in this study. Osseous defects can be created with a marked
degree of similarity and subsequently rendered into chronic lesions for healingrepair study.
The use of resorbable collagen membrane can effectively divert the gingival
epithelium and connective tissue from being involved in the initial stages of wound
healing of the osseous defects. In two walls bony defects, this allows for the rapid
formation of new bone tissue, new cementum, and new periodontal ligament, leading
to significant gain of periodontal structure.
The critical events in the formation of the significant new attachment occurs
very early in the wound healing, within the first two or three weeks, because
thereafter the membrane, due to recolonization of the collagen sheaths, loses its
original function. It is was also noticed in few cases that even if the gingival
epithelium could bypass the collagen barrier, this does not prevent complete bone
regeneration, accompanied by partial regeneration of the cementum over the
denuded root surfaces.
The combination of allograft (DFDBA) and Guided Tissue Regeneration
70
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(G1R) does not enhance the healing potential of GTR alone, in fact, this leads to
a delay in the initial wound healing. Even though, at the end of the experimental
period both groups showed equivalent significant regeneration of the attachment
apparatus. It appears that the combination of those two regenerative technique is not
necessary to achieve the successful results aimed in the modem periodontics.
The imlpantation of demineralized freezed dried bone allograft has evident
osteoinductive, and osteoconductive properties to induce new bone formation, new
cementum and periodontal ligament, however, when this surgical procedure is
compared with the GTR technique alone or in combination with DFDBA the results
are always enhanced when the collagen barrier is implanted. Therefore, it suggests
that when DFDBA is used this should be implanted in combination with the GTR
technique.
The results of this study are very encouraging for clinical application,
however, before absolute clinical conclusions are drown, experimentation and
confrontation of those techniques should be repeated on humans.

APPENDIX
MECHANISM OF BONE FORMATION

Bone formation is a complex process regulated by hormones and local
factors affecting bone cells replication and differentiated function.
In surgical correction of bony deformities by bone grafting procedures, new
bone formation can occur by three basic pathways: Osteogenesis, Osteoinduction,
and Osteoconduction.71
In osteogenetic transplantation, viable osteoblasts and pre-osteoblasts are
moved to a different part of the same body, where they establish centers of new
bone formation. Such cells can be provided by cancellous bone and marrow grafts;
therefore, since DFDBA is a non viable tissue this process does not play a role in
the new bone formation after grafting.

Osteoinduction has been claimed to play the major role after DFDBA
transplantation. It involves new bone formation from osteoprogenitor cells derived
from primitive mesenchymal cells under the influence of one or more inducing agent
which are trapped in the mineralized extracellular matrix during the embryonic and
developmental stages of bone formation. The biological products are made available
and diffusible from the matrix by the process of demineralization, which removes the
inorganic phase of bone (hydroxyapatite), approximately for 60% of the 90% of the
72
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dried extracellular matrix, leaving 27% fibrillar type I collagen. It is in the reinaining
3%, formed by minor collagen types and non-collagenous proteins such as growth
factors, osteocalcin, osteonectin, and BMP, that the biochemically active agents are
present.
The osteoinductive sequence starts with a morphogenic phase, followed by
a cyto-differentiation phase. The morphogenic phase, occurs within minutes to hours,
and consists of cell disaggregation, migration, reaggregation, and proliferation. Next
phase, cyto-differentiation, occurs from one to seven days and consists of phenotypic
differentiation from undifferentiated pluripotential mesenchymal cell to a more
specialized type of cells with a cell lineage specific and restricted phenotypic
expression of a pre-chondroblast or a pre-osteoblast.72 While the first phase is
dominated by the chemotactic and mitogenic effect of BMP upon the pluripotential
mesenchymal cells, the second phase of cytodifferentiation is predominantly
controlled by four major growth factors, bone derived growth factor (BDGF),
platelet derived growth factor (PDGF), transforming growth factor beta (TGF-B),
and fibroblast growth factor ( FGF), and only partially by BMP (Table II). Now
committed to the expression of biological skeletal functions, these cells can,under
control of additional growth factors such as Transforming Growth Factor-B (TGFB) and Cartilage Derived Growth Factor (CDGF), replicate and/or enter the next
phase of their differentiation program. This result in differentiated osteoblast and
chondrocytes which now have the capability to produce their precise differentiated
functions and possibly to replicate and augment the number of cells able to perform
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these activities. In the case of the osteoblasts, the quantity of collagen or collagen
producing cells can then be increased as a subsequent activation by factors such as
Bone Derived Growth Factor (BDGF), Insulin-like Growth Factor(IGF), Fibroblast
Derived Growth Factor (FGF) (See TABLE VII). Although the same factors appear
to induce replication and tissue specific functions by both bone and cartilage cells,
the two processes are probably distinct and may occur in different cell populations
or be controlled by additional unknown process-specific cell signals. Mineralization
of matrix protein can then be regulated by non-collagenous proteins, including
osteonectin, osteocalcin, and proteoglycans.73
The osteoinductive sequence of events includes conversion of transplanted
connective tissue into cartilage, subsequent calcification, ingrowth of host vessels,
and ossification. The appearance of cartilage during the first week of implantation
should not be surprising. The progenitor fibroblasts-like cells that invade the implant
can differentiate into either chondroblasts or osteoblasts, depending on the oxygen
tensiorr4 and the nature of compressive forces in the surrounding area.
In the transplantation of large segments of cortical bone or with allogenic
banked bone, direct osteogenesis does not take place. In this cases, osteoconduction
occurs; the dead bone acts as a scaffold for the ingrowth of sprouting capillaries,
perivascular tissue, and osteoprogenitor cells from the recipient bed into the
structure of the matrix and new bone into the denaturated biologic structure.. This
process is very slow and may require years to fully incorporate a large segmental
graft. If the particle size of the implanted material are large enough, osteoconduction
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may occur without resorption otherwise the particles are slowly reabsorbed and
replaced by new viable bone matrix.
The newly formed bone is now subject to remodelling, which seems to
depend on coupling of the bone formation and resorption processes. Prostaglandins
appear to be involved in both phases of remodelling and seem to influence the
activity of some of the local regulators of bone metabolism. Since some of local
factors actually increase prostaglandin production, it remain to be shown how these
activities integrate under various physiological situation to affect net bone formation.
Although this model depicts only the influence of local factors, the effect of systemic
hormones and growth factors can either modulate or be mediated directly by the
effects of the local factors.
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TABLE I.

RESULTS OF CLINICAL STUDIES
#OF
DEFECTS

'IYPE OF
DEFECTS

MFAN
BONE FILL
Exp.
Contr.

3

two 1 wall
one 2 walls

4 to

22
(16 Exp.,
7 Contr.)

27

47

MFAN GAININ
ATIACHMENT
Exp.
Contr.

10mm

two 1 wall

(19) 2 walls
one 3 walls
Tot. Average

1.38

(5) 1 wall
(14) 2 walls
(8) 3 walls
Tot. Average

2.6
1.8
2.9
2.4

0.33 mm

(61%)(62%)(73%)(65%)

2.31
2.5
1.4
1.9
1.9

'IYPE OF
BONE USED

INVESTIGATOR

Cancellous/
Cortical

Libin B.M. (1975)

Cancellous

Pearson G.E. (1981)

Cortical

Quintero C. (1982)

0.33 mm

(7) 1 wall
Cortical
(11) 2 walls
(32 Exp.,
15 Contr.) (6) 3 walls
(23) combinat.
Tot. Average 2.57
1.26 mm
2.91
1.53 mm
(64.7%) (37.8%)
78% of the defects exhibit complete bone fill or greater than 50%

Mellonig T J. (1984)
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TABLE II.
Defect Preparation and Treatment for Each Dog
Quadrant?
Debrided Only

Quadrant?
Collagen Membrane only

Quadrant?
DFDBAonly

Quadrant?
DFDBA and Collagen Membrane

1.

2 Defects created and
root surface notched at
height of alveolar bone.

2 Defects created...

2 Defects created...

2 Defects created...

2.

Ligatures and wood pick
placed in the defects.

Ligatures and ...

Ligatures and ...

Ligatures and ...

10 days
Suture removal

10 days
Suture removal

10 days
Suture removal

4-6 weeks
Ligatures and tooth pick
Removed

4-6 weeks
Ligatures and tooth pick
Removed

10 days
3. Suture removal
4.

4-6 weeks
Ligatures and wood pick
Removed

4-6 weeks
Ligatures and wood pick
Removed

5.

10 days
Defects entered and notched
at the bottom of bony defect

10 days
10 days
10 days
Defects entered and notched Defects entered and notched Defects entered and notched
at the bottom of bony defect at the bottom of bony defect at the bottom of bony defect

Defects debrided and flaps
sutured

Defects debrided, intraDefects debrided, Coll.
Defects debrided, intraMembrane adapted and flaps marrow pcnctration,DFDBA marrow penetration, DFDBA
sutured
placed and flaps suture
placed, Coll. Membrane adapted
flaps sutured

10 days
Suture removal

10 days
Suture removal

6.

7.

10 days
Suture removal

10 days
Suture removal

Dogs were sacrificed at appropriate post-operative intervals(l,2,4,8,12 weeks)and block section taken for histologic analysis.
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TABLE III.
Results of the non-implanted control defects
1 week

2 weeks

1 month

2 months

3 months

Epithelial
migration

coronal portion
of apical notch

2

/ , of instrum.
root surface

1

/ , of instrum.
root surface

Coronal 1 / 3 of
instrum. root

1

Presence of
subepithelial
inflammation

Positive

Moderate but
positive

Modest

Modest

Modest

Osteoclastic
activity

Negative

Negative

Negative

Modest on the
newly formed
woven bone

Modest for
bone remodelling

Osteoblastic
activity

Presence of
amorphous mater.
at base of defect

Woven bone
at base of defect

Woven bone in
active remodelling
numerous

Woven bone in
active remodelling
with numerous
osteocytes

Scattered active
osteoblasts overall
for bone remodelling

osteocytes

New cementum
deposition

Absent

Very modest at
base of the notch

Absent

Present, in the
apical 1 / ,

/ 2 of the instrum.
root surface

Has followed the new
bone apposition
/ 2 of the root surf.

1

Amount of
new attachment

None
/ 2 connective &
1
/ 2 epithelial
adhesion

Limited at the very None
base of the notch long connective
tissue adhesion

Half of the
original defect

Half of the original
defect

Ankylosis or
root resorption

Negative

Negative

Negative

Negative

1

Signs of previous
root resorption
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TABLEN.
Results of DFDBA implanted defects
1 week

2 weeks

1 month

2 months

3 months

Epithelial
migration

No evident

Coronal '/3 of
instrumented
root surface

Coronal '/. of
instrumented
root surface

Coronal '/. of
instrumented
root surface

Coronal /. of
instrumented
root surface

Presence of
subepithelial
inflammation

Positive

Positive

Modest

Positive

Modest

Osteoclastic
activity

Highly active
both on DFDBA
and host bone

Active only
around DFDBA
particles

Active only
around some of
DFDBA particles

Modest on the
newly formed
woven bone &
around few
DFDBA particles

Modest on the
crestal bone of
newly formed
woven bone

Osteoblastic
activity

Active on the
supracrestal
bone and cytodifferentiation
around DFDBA

Very active
from the base
of the defect
& in the new
connective tiss.

Very active
surrounding the
woven bone and
in new suprabony
connective tiss.

Active only in
remodelling
isolated areas

Active only in
remodelling
isolated areas

Presence of
implanted
particles

Extremely
positive

Positive,
Positive
Particles engulfed in engulfing
in the woven bone woven bone and in
supracrestal tissue

Few particles
recognizable in
the regenerated
defect

Not distinguishable
in the bony matrix

New cementum
deposition

Negative

Early sign

Filled the notch
& isolated island
on root surface

Negative

Has followed the
new bone formation
for more than '/2
of original defect

Amount of
new attachment

None,
Connective tiss.
adhesion

None,
Connective tiss.
adhesion

Apical notch &
isolated areas on
root surface,
alternated by
connective tiss.
adhesion

None,
Connective tiss.
adhesion

New POL, cementum
bone had reformed
for more than '/2
of original defect

Ankylosis or
root resorption

Negative

Negative

Negative

Positive for
root resorption

Negative

1

80
TABLE V.
Results of Collagen Membrane implanted defects
2 weeks

1 month

Epithelial
migration

N/A

Coronal '/, of
instrumented
root surface

Middle of coronal Coronal '/2 of
Varied from
coronal '/, to the '/, of instrumented instrumented
root surface
• /, of instrumented root surface
root surface

Presence of
subepithelial
inflammation

Positive

Positive

Moderate localized Positive
to junctional
epithelium

Osteoclastic
activity

Active in isolated
areas

Absent

Absent

Moderated;
for remodelling
and enlargement
of marrow spaces

Absent

Osteoblastic
activity

Very active,
raising from the
base of defect;
Suprabony tissue
showed fibrogenesis
with migrating
colonies of
osteoblasts

Very active,
early deposition
of woven bone
in organized
fibrous stroma;
high cellularity
of migrated
osteoblasts

Very active,
high cellularity
both osteocytes
and osteoblasts;
sign of remodelling;
new bone had filled
• /. of original
defect

Reduced;
only remodelling
activity. The cells
did not present in
active state

Very mild
for bone

Presence of
implanted
barrier

N/A

Present,
recolonization of
collagen sheaths
by fibroblasts

Still evident,
disrupted and
infiltrated by
fibroblasts

Not distinguishable Not evident
in the collagenous
matrix of transsepta) fibers

New cementum
deposition

thin layer
over old
cementum

very thin &
primordial in the
apical notch,
collagen bundles
inserting in
structural matrix

Thin and cellular
with Sharpey's
fiber inserting
in its stroma

Well distributed
with inserting
collagen bundles

Well formed;
cellular, continuous
with inserting fibers
functionally oriented

Amount of
new attachment

N/A

Except in apical
notch, long connective tissue
adhesion

of the length
of original defect;
• /. of regenerated
bone tissue

of the length
of original defect
• f. of regenerated
bone tissue

Reaching the level
of the crestal bone

Ankylosis
root resorption

Negative

Negative

Negative

Negative

Negative

' /2

2 months

3 months

1 week

' /2

Positive

remodelling;
Bone filled
• /. of the
original defect

81

TABLE VI.
Results of combined Collagen Membrane and DFDBA implanted defects
1 week

2 weeks

1 month

2 months

3 months

Epithelial
migration

Coronal 1 /. of
instrumented
root surface

Coronal 1 / . of
instrumented
root surface

Coronal 1 / 3 of
instrumented
root surface

Coronal 1 / 3 of
instrumented
root surface

Coronal 1 / , of
instrumented
root surface

Presence of
subepithelial
inflammation

Positive

Positive

Positive

Positive

Mildly positive

Osteoclastic
activity

Highly active
both on DFDBA
and host bone;
More accentuated
on crestal bone;
Numerous multinucleated giant
cells

Still active
both on DFDBA
and host bone;
Less then the
previous stage

Not evident
either on DFDBA
or host bone

Not evident

Not evident;
except isolated areas
of bone remodelling

Osteoblastic
activity

Few areas of
osteoblasts
colonies;

Mild woven bone
deposition from
surrounding bony
walls; few colonies
of osteoblasts
projecting into the
granulating tissue

Mild at the base
Still active,
of the bony defect with sign of
with Howship
remodelling in an
lacunae repopulated haversian system;
by osteoblasts
The new bone had
filled • /, of the
original defect

Presence of
implanted
barrier

Present but not
in contact with
root surface;
Early sign of
fibroblastic
colonization

Still evident;
advanced
recolonization
and disruption of
the collagen
sheaths

Not distinguishable Not distinguishable Not evident
from collagenous
matrix of the transsepta! fibers

Presence of
implanted
bony particles

Positive,
diffuse in highly
granulating tissue

Positive,
diffuse in highly
granulating tissue

Few still present
at the base of the
defect; were
immerse in highly
granulating tissue

New cementum
deposition

Not evident

Not evident

Thin layer
Well distributed,
with inserting
cellular
disorganized fibers with inserting
collagen fibers

Irregularly distributed
ccllularwith inserting
fibers not completely
mature

Amount of
new attachment

Long connective
tissue adhesion
along the entire
root surface

Long connective
tissue adhesion
along the entire
root surface

Only at the base of
the reference notch;
long connective
tissue adhesion and
junctional epith.
were predominant

Formed over• / 3 of
the original defect
at the same level
of the crestal bone;
short conn. tissue
adhesion and long
junctional epith.

Formed over 2 /, of
the original defect
at the same level
of the crestal bone;

Ankylosis
root resorption

Negative

Negative

Negative

Negative

Negative

Evident only in
few areas of
remodelling; changes
from woven bone to
lamellar haversian
system; the new bone
filled almost totally
the original defect

Very few particles Very rarely evident
engulfed in the
newly formed bone
with sign of
ostcoclastic activity
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TABLE VII.

INDUCTION AND MAINTENANCE OF NEW BONE FORMATION
BY GROWTH AND DIFFERENTIATION FACTORS
by REDDI HA. et al. (1988)
GROWTH
FACTORS
BMP

MOLECULAR
STRUCTURE

FUNCTION

Glycoprotein of 17.500 KChemotactic and mitogenic for pluripotential mesenchymal cell.

PDGF Two Polypeptide chains Increase the migration and overall mitosis of mesenchymal cells.
mol.weight 27-30 kDa
FGF

Single Polypeptide chainsMitogenic for mesodermal and neuroectodermal cells.
mol.weight 16-18 kDa Play a role in neo-angiogenesis.

TGF-B Two subunits
mol.weight 25.000

Stimulate bone collagen synthesis.

BDGF Single Polypeptide chainsStimulate DNA, collagen and non collagenous protein synthesis.
(Hi M) mol.weight llkDa
May play a role in the kinetics of binding and rate of degradation
of hormones and growth factors.
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DESCRIPTION OF ILLUSTRATIONS

Fig. A

Example of the surgically created bony defects and the placement of the "Plaque retentive
device".

Fig. B

The defect at the surgical re-entry, showing after debridement the characteristic architecture
of a "chronic" periodontal defect.

Fig. C

Placement and adaptation of the Collagen Membrane over the two wall bony defect, which
was filled with DFDBA powder.

Fig. 1

Measurement of the clinical attachment showing a defect of about 7 mm.

Fig. 2

Control Group (1 wk): Base of the defect, showing well organized granulation tissue associated
with neo-fibrogenesis and neo-angiogenesis, particularly evident are the sprouting capillaries
from the underling bone tissue. Osteoblasts regularly aligned on the crestal bony surface with
pericellular amorphous eosinophilic osteoid-like material. Migrating colonies of osteoblasts
are also evident.

Fig. 3

Control Group (2 wks): Osteoblastic activity is evident with the deposition of an amorphous
disorganized matrix surrounded by osteoblasts. The woven bone in the apical portion of the
bony defect and moderate cementa-genesis in the very apical portion of the notch are also
evident.

Fig. 4

Control Group (1 month): Apical portion of the reference notch. proximity of the root surface
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the collagen fibers were turned and become parallel to the root surface. Woven bone had been
deposited in the apical portion of the notch. Very modest cemento-genesis is evident arising
over a residual area of necrotic cementum, which shows signs of previous cemetoclasia. The
periodontal ligament fibers interposed between the neo-formed bone and the instrumented
root surface still running parallel to the root.

Fig. 5

DFDBA Group (1 wk): Implanted particles from cortical plate showing osteocytic lacunae. The

are surrounded by osteoblasts-like cells and in less extent by osteoclasts in areas of Howship
lacunae. The particles are immersed in an active granulation tissue with dilated blood vessels
and histiocytic infiltration.

Fig. 6

DFDBA Group (2 wk): Bone is regenerating almost entirely the original bony defect. Isolated

areas of immature bone matrix has been deposited from the base of the defect up to the
crestal level. Reversal lines are evident at the periphery of the bony walls. The granulation
tissue is well organized and still highly vascular.

Fig. 7

DFDBA Group (2 wk): The same section at an higher magnification shows woven bone in the

immediate vicinity of the implanted particles with no sign of new bone formation on their
surface; instead, osteoblasts-like cells surrounding them with no sign of activity. Few
osteoclastic lacunae and osteoclasts on the surface of the particles are also evident.

Fig. 8

DFDBA Group (1 month): Apical third of the original defect. Osteoclasts in the form of

multinucleated giant cells and macrophages on their periphery on small implanted particles
on the upper portion of the photograph. High osteoblastic activity occurring in the form of
newly deposited woven bone, which appeared to be highly cellular in content and lined by
osteoblasts on its periphery.
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Fig. 9

DFDBA Group (1 month): Same section of fig.8 showing new cementum matrix been

deposited in the entire reference notch, the cementum is cellular and presents inserting
collagen fibers.
Fig. 10

DFDBA Group (1 month): Same section of fig.9 in a more coronal position shows some minor

dentinal resorption with some dentinoclasts (multi-nucleated giant cells) in the Howship
lacunae. Isolated areas of cementum deposition are present coronal to the resorption area.
No signs of either ankylosis or root resorption in the defect.

Fig. 11

DFDBA Group (2 months): The regenerated bone had filled two thirds of the original defect

The implanted bony particles are not visible at this magnification. The crestal bone also
showed active remodelling with areas of osteoclastic resorption and osteoblastic new bone
deposition. in the area of the reference notch new cementum has completely filled in. Small
area of dentin resorption are also evident.

Fig. 12

DFDBA Group (3 months): The bone had regenerated in two thirds of the original defect. It

is highly cellular and exhibited osteoclastic lacunae with remodelling as giant cells were

particularly evident in the full extent of the outer surface of the regenerated bone.The apical
reference notch shows that the deposition of cementum filled in completely and had followed
the coronal growth of the bone.

Fig. 13

DFDBA Group (3 months): Magnification of the regenerated crestal bone which shows

alveolo-gingival fibers and the periodontal fibers well structured. The inserted Sharpey's fibers
are functionally oriented reconstituting in full the attachment apparatus. The cementum is thin
cellular but uniformly distributed over the dentinal surface.

Fig. 14

Collagen Membrane (2 wks): Low magnification of the coronal portion, the junctional
epithelium shows having migrated downward in the upper third of the original defect. The
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apical migration of the epithelium is arrested in correspondence of an island of old cementum,
coronal to the position of the collagen membrane.

Fig. 15

Collagen Membrane (2 wks): Implanted collagen barrier showing fibroblasts infiltrating and
re-colonizing the collagen sheaths. The ingrowth of vascular channels is also evident, which
separated the sheaths of the barrier.

Fig. 16

Collagen Membrane (2 wks): High cellularity of the bone tissue along with new bone matrix
is shown by the low power magnification. Woven bone and immature bony matrix are evident
not only in the apical portion of the defect but also at the coronal portion of the left
interdental septum. Pre-osteoblasts have migrated in the granulating tissue and early
deposition of calcifying collagenous matrix is also evident by the low power magnification.

Fig. 17

Collagen Membrane (1 month): Residues of the degradation of the collagen membrane barrier
as observed in the trichrome stained sections. The fibers of the barrier are completely
disrupted and infiltrated by fibroblasts and blood capillaries. No inflammatory infiltrate is
observed within this area.

Fig. 18

Collagen Membrane (1 month): The new osteocytic bone tissue filling in the most part of the
original defect. A definite bone apposition line defines a junction between the old mature,
more compact, less cellular, and more organized bone and the newly formed bone that have
re-established most of the original architecture of the interdental septum

Fig. 19

Collagen Membrane (2 months): The low power magnification shows the new bone tissue
having regenerated almost completely the interdental septum, with active remodelling still
occurring.

The bone is highly cellular and shows areas of osteoclastic resorption and

osteoblastic new apposition, which are defined by the reversal lines on the original bony defect.
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New cementum has been deposited along the entire root surface it is thin but well organ.ired
with collagen fibers inserting in it.

Fig. 20

Collagen Membrane (2 months): The organization of the regenerated periodontal ligament.

The cementum is cellular with evident inserting collagen fiber bundles which, at this time have
assumed a functionally organized pattern. The bone shows a continuous layer of osteoblasts
in active secretion of collagenous fibers which on one side are anchored to the bony wall and
on the other projecting deeper in the POL space to the osteoblasts. Small blood vessels are
evident in between the two structures in the stroma of the POL.

Fig. 21

Collagen Membrane & DFDBA (1 wk): Junctional epithelium migrating along the root surface

to reach the collagen membrane where it terminated. Extravasation of blood and neoangiogenesis are evident in the area adjacent to the root surface and between the epithelial
basal cell layer and the collagen barrier. The implanted collagen membrane barrier is
particularly evident separating the area of the defect. On one side the bony particles are
trapped in granulation tissue, and on the other side the granulating subepithelial stroma.

Fig. 22

Collagen Membrane & DFDBA (1 wk): Early colonization by fibroblast of the collagen barrier

is evident. The sheaths of the barrier are still well packed and no inflammatory infiltrate is
either surrounding or infiltrating the membrane.

Fig. 23

Collagen Membrane & DFDBA (1 wk): Same section at a lower view. Under the implanted

collagen barrier the implanted bony particles are engulfed in a highly granulating tissue and
edematous stroma. Immediately beneath the implanted membrane extravasated blood is
evident. More apically the extracellular matrix exhibit a more advanced stage of differentiation
with collagenous fibers surrounding the bony chips. At the bony sites the osteoclastic activity
is still present expressed by the numerous multinucleated giant cells and Howship lacunae. No
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new bone apposition is evident.

Fig. 24

Collagen Membrane & DFDBA (2 wks): Advanced colonization and disorganization of the

collagen membrane by fibroblasts, the collagen sheaths of the barrier are separated and
disrupted by fibroblasts.

Fig. 25

Collagen Membrane & DFDBA (2 wks): Implanted bony particles arranged in disorganized

granulation tissue dominated by the high cellularity and neo-angiogenesis in the area near the
apical notch. In the areas adjacent to the bony walls, the extracellular matrix exhibits a more
advanced stage of differentiation with collagenous fibers surrounding the bony chips. No sign
of new cementum formation is evident. The type of attachment is by a long connective tissue
adhesion, with collagen fibers running parallel to the root surface.

Fig. 26

Collagen Membrane & DFDBA (1 month): At the base of the bony defect woven bone

deposition is arising from the bone marrow spaces and the Howship lacunae are now
repopulated by osteoblasts. Bony particles are surrounded by osteoid matrix in a highly cellular
stroma. Histiocytic infiltration are evident in the area around the implanted material.

Fig. 27

Collagen Membrane & DFDBA (2 months): Section showing the complete restitutium of the

attachment apparatus. The junctional epithelium has migrated along the root surface to reach
the coronal third of the original defect. The gingival connective tissue well structured showing
the characteristic architecture of the transeptal fibers. Particularly evident is the coronal
deposition of cementum to the crestal bone with the transeptal fibers inserting in it. The POL
is normally developed with functionally oriented Sharpey's fibers inserted in the newly
deposited bone and cellular cementum.

Fig. 28

Collagen Membrane & DFDBA (2 months): An other specimen in a similar section showing
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the same histological characteristic. The residual implanted collagen membrane barrier is not
evident any longer among the supracrestal collagenous fibers. Bone regeneration had occurred
in more than two thirds of the original defect. However the cementum deposition has not
reached the level of the previous sample in Fig.27.

Fig. 29

Collagen Membrane & DFDBA (2 months): Higher magnification showing the interface

between the epithelial attachment and the newly deposited cementum. The attachment of
fibers terminated a few microns above the crestal bone and in correspondence with the
termination of the long junctional epithelium.

Fig. 30

Collagen Membrane & DFDBA (3 months): Apical notch showing complete bone fill.

Interdental bony have been regenerated for more than two thirds of the original defect
showing large marrow spaces with aligned endosteal cells. Thin but uniformly distributed
cellular cementum has formed on the root surface coronal to the notch, extending coronally
to the crest of the interdental septum.

Fig. 31

Collagen Membrane & DFDBA (3 months): Higher magnification of the fig. 30 at the coronal

level showing the cellular POL fibers and the active remodelling. They are completely
integrated both with the structure of the bone and the cementum. Small vascular channels are
evident within the stroma. The Sharpey' fibers form a structurally and functionally normal
dento-alveolar ligament.
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Fig. A : Surgically induced defects

Fig. B : Example of the defects at the time of the experimental treatment.
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Fig. C : Treatment of the two wall bony defect with DFDBA & Coll.Membr.

Fig. 1 : Attachment level of the induced periodontal pocket.
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Fig. 2 : Control at 1 week (H&E, original magnification, 10 X)

Fig. 3 : Control at 2 weeks
(Trichrome Masson's, original magnification, 10 X)
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Fig. 4 : Control at 1 month
(Trichrome Masson's, original magnification, 10 X)
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Fig. 5 : DFDBA at 1 week
(H&E, original magnification, 25 X)
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Fig. 6 : DFDBA at 2 weeks
(H&E, original magnification, 2.5 X)
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Fig. 7 : DFDBA at 2 weeks (H&E, original magnification, 25 X)

Fig. 8 : DFDBA at 1 month (H&E, original magnification, 10 X)
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Fig. 9: DFDBA at 1 month
(H&E, original magnification, 10 X)
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Fig. 10 : DFDBA at 1 month
(H&E, original magnification, 10 X)
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Fig. 11 : DFDBA at 2 months
(Trichrome Masson's, original magnification, 2.5 X)
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Fig. 12: DFDBA at 3 months
(H&E, original magnification, 2.5 X)
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Fig. 13 : DFDBA at 3 months
(Trichrome Masson's, original magnification, 10 X)
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Fig. 14 : DFDBA at 2 weeks
(H&E, original magnification, 2.5 X)
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Fig. 15 : Collagen Membrane at 2 weeks
(H&E, original magnification, 10 X)
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Fig. 16 : Collagen Membrane at 2 weeks
(Trichrome Masson's, original magnification, 2.5 X)
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Fig. 17 : Collagen Membrane at 1 month
(Trichrome Masson's, original magnification, 10 X)

Fig. 18 : Coll.Membr. at 1 month (H&E, original magnification, 10 X)
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Fig. 19 : Collagen Membrane at 2 months
(H&E, original magnification, 2.5 X)
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Fig. 20 : Collagen Membrane at 2 months
(Trichrome Masson's, original magnification, 25 X)
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Fig. 21 : DFDBA & Collagen Membrane at 1 week
(Trichrome Masson's, .original magnification, 25 X)
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Fig. 22 : DFDBA & Collagen Membrane at 1 week
(Trichrome Masson's, original magnification, 25 X)
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Fig. 23 : DFDBA & Collagen Membrane at 1 week
(H&E, original magnification, 2.5 X)
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Fig. 24 : DFDBA & Collagen Membrane at 2 weeks
(Trichrome Masson's, original magnification, 25 X)
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Fig. 25 : DFDBA & Collagen Membrane at 2 weeks
(Trichrome Masson's, original magnification, 2.5 X)
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Fig. 26 : DFIVBA & Collagen Membrane at 1 month
(Trichrome M½asson's, original magnification, 25 X)
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Fig. 27 : DFDBA & Collagen Membrane at 2 months
(Trichrome Masson's, original magnification, 2.5 X)
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Fig. 28 : DFDBA & Collagen Membrane at 2 months
(H&E, original magnification, 2.5 X)
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Fig. 29 : DFDBA & Collagen Membrane at 2 months
(Trichrome Masson's, original magnification, 25 X)
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Fig. 30 : DFDBA & Collagen Membrane at 3 months
(Trichrome Masson's, original magnification, 2.5 X)
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Fig. 31 : DFDBA & Collagen Membrane at 3 months
(Trichrome Masson's, original magnification, 25 X)
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